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« Motivation:
— Why performance monitoring is important ...
— Compromising between conflicting parties and constraints

« Knowledge gap: admin view vs user view vs performance view
— Did you know ...

* Tools that help:
— Cluster Cockpit, Patho Jobs

« State of the art:
— What else is out there

« Where should we go?
e Summary!
- Q%A

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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My background ...

« Research & Development:
— Performance-analysis
— Modelling
— OpenMP/MPI/C++ tooling
— Instrumentation Compiler
 Affinity to performance analysis tools:
— Scalasca, Vampir, LIKWID, HPCToolkit
« Primary research question:
— What's happening inside this job?
— How do we make it faster?
— Still active in research!

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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Where I am now?

« Day-job:
— HPC expert
 Last-level HPC support
— RSE engineer
— Trainer
« HPC skills & Softwareengineering-coach
» In-between users and system administrators
« Reality:
— Screen 10.000 Jobs/day
— ~ 70% outbound interactions
— Extreme diversity in codes, users and issues g 0%
- "Did you know that..." is how most user | | :E
conversations start.

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Background of TU Darmstadt
Tier-0 PRACE und EuroHPC
Tier-1 Gauss Center for Supercomputing
Tier'z NHR 5 Schlesng.
Tier-3 lokale HPC at Universities R
Parallel = Hamburd Z I B
Tier 0/1 Computing \ Bremen \oJ 2 T e
/ 3 TECHNISCHE
Tier 2 UNIVERSITAT "(:@-NORD
/ ‘ GOTTINGEN
o c/0S
Institute Glusters,f ﬁm ZIH
e SUD-WEST ' e | =2
wuﬁﬂﬁﬁ;ﬂq NHR’O FAU
SATINHR e

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Background of TU Darmstadt
« HPC @ TU Darmstadt
One of 9 NHR centers in Germany

» 0(1,000) compute nodes
> 0(10,000) total cores @ @ oo

Paderborn

Center for
Parallel |

Computing |

| ZusewsTITUTE BERUN

DARMSTADT | 'H=NORD
> at least 4GB RAM/ core o= 2 | @GOITINGEN
» O(500) active users | C'/DS
»students, S lIJ})IVI;IEIS?F | ZIH
PHD students, - /NHRJFAU
post-doc, researchers and =Ly
profs.

» 2 HPC (user) support staff
» ~ 10 HPC system admins

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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What I consider DevOps?

DevOps principle What I think it means

Observability 1)
Automation
Feedback Loops (&

Scalability o

Collaboration

XB

Tooling

Jobs and system behavior observable at runtime

Measurement and observation is automated

Information enables to incrementally improve HPC use
Mechanisms scale to all HPC levels

Enables teamwork of admins, support staff and end-users

Data and formats allow integration and application of more tools

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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HPC ain't free, it comes at a price

 Lichtenberg at TU Darmstadt
— 0(10,000) cores (on average for a full system)
— 15 Mio.€ (cluster incl. storage)
— 5 years of operation (per installment)
— 10 full-time staff
— 5 years of power and cooling
— Building and infrastructure

« ~ about 75 cents / core*h
e 72€ [/ node*h

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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HPC ain't free, it comes at a price
* Mock-up cluster:

— Node:
« CPU: 2x AMD EPYC 9965 (192 cores) ~ 8.000€ / piece
« Motherboard: Dual Socket Motherboard ~ 1.600€ / piece
« RAM: 24x 32GB DDR5-4800 (ECC) ~ 270€ [ piece
* Network: InfiniBand HDR100 ~ 850€ / piece
—aPeR——NHBAH1686 ~—40-000€—Fpiece-
« Misc: Cables, chassis, infrastructure, storage ~ 5000€ / node
— Operational costs (1000 nodes):
« Staff: 7 FTE (full time employees) ~ 80ke / (FTE * y)
« Power: ~ 3.4 MW ~ 67,70 € /| MWh
* Node/h ~ 0,97€ Node/y ~ 8562€
 Cluster/h ~ 977,44€ Cluster/y ~ 8.562 M€

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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What is the challenge?

Are users
 using all invested ressources?

 fully using all invested ressources?
« being stalled by some resource?

« Unterstand performance
— of a specific code
— with a specific dataset
— on a specific subset of a machine!

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky



14 Hessisches Kompetenzzentrum fiir Hochleistungsrechnen

25.09.2025

1L
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% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | DhrGitiastiaveinwskinsky
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Know your performance ...

* You can only manage what you observe — and in HPC, our users are often flying blind.
« “Know the performance you get”
« Performance = Work / Time

« We're not just measuring performance — we're integrating it into the workflow, at scale,
for everyone

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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Things to catch ...

ap = - 24M
« Utilization
22M - =00
>=110%,<150%
ot Usa e | e e e e e S B AR L e st s e GRS
<70%
.~ I Allocated corehours
¢ EffICIency 17M A Utilized corehours
Il Remaining corehours
14m 4 M Requested quota
(%]
5
)
T 12M A
=)
o
(@)
10M A
7™ +
5M A
2M 4
0
100%
Efficiency
L 15% { Bl per day
o { Il per job
9 50%
B ]
& ]
25% 1
0% t

Apr 2022  Mai 2022 Jun 2022 Jul 2022 Aug 2022  Sep 2022 Oct 2022 Nov 2022 Dez 2022 Jan 2023 Feb 2023 Mar 2023  Apr 2023 Apr 2023
*Deprecated visualization
% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Things to catc

Utilization
Usage
Efficiency

6M -

6M -

5M A

4M A

CPU Hours

3M A

2M A

1M A

720k

100%

75% A

Efficiency

25% A

0%

102 4

101 4

N ...
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4M A

Ressource usage
N >=150%
>=110%,<150%
N >=70%,<110%
<70%
I Allocated corehours
Utilized corehours
Il Remaining corehours
EEm Requested quota

50% -

e — T - vy Y T > - ——
Efficiency o s S Sfp ot ! Ve . > > =
. — 2%
L .
B per day = . z P s e

I per job z e =8 ¥ . .
2 . L ksl s e .
. . . =) 3 . ® .,
PRSI ; — 5! e

s 2 o | T . » e s .
RO | 4 = g soce :« 2 ¥ e

— T T T T ™ s — — —p . T r
Oct 2021  Nov 2021 Dez 2021 Jan 2022 Feb 2022 Mar 2022  Apr2022 Mai 2022 Jun 2022 Jul 2022 Aug 2022  Sep 2022 Oct 2022 Oct 2022

inv.

1Hr

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Exa m ple : u nex pected ru ntl me cpu_load () node v All Hosts v

System errors & User mistakes: S OO0 0 S U U B S S
Job: Runtime unexpectedly slow 2 ’

* 96 Processes 60

« 1 Thread / Core 0

* Mem-per-cpu=3000 MB : il

0
Om 1:40h 3:20h  5h  6:40h 820h 10h 11:40h13:20h 15h 16:40h 18:20h 20h 21:40h 23:20h

4K nodes (avg) [Shared]
 Runtime use: 38K
— 3 nodes H “ | | | h ‘ l
— 48 on node A Ml' ||| , ||| il | ’u

— 24 on node B 32K
— 24 on node C 3K

Om 1:40h 3:20h 5h  6:40h 8:20h 10h 11:40h 13:20h 15h 16:40h 18:20h 20h 21:40h 23:20h

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Example: low load

cpu_load () node v All Hosts v

* 96 processes T S S S et
* 4 nodes .

« 7GB/ rank R S A N B
m) 24 processes / node

0

cpu_user () node v All Hosts v mem_bw (MB/s) node v All Hosts v
nodes (avg) [Shared] nodes (sum) [Shared]
100 —— -
500 K 1
80 | l I \l h ‘k l
400K ‘ ‘ ‘ l 'l J [
}III HI | .II I | l il || .‘ ||| || hil : ]
& 300K
40 200K
ﬂ’ | Wi !l
20 100K
\ ’l H Wy
0 0

Om 1:40h 3:20h 5h 6:40h 8:20h 10h 11:40h 13:20h Oom 1:40h 3:20h 6:40h 8:20h 10h 11:40h 13:20h

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Example: low load

mem_used (GB) node v All Hosts v cpu_load () node v All Hosts v
nodes [Shared] 100 nodes [Shared]
250 /
__...-d"_"-'__--—
prer— 0
200 ‘P"/,JL_—_—-LJ_
60
150
w || I |
100
50 20
0 0
om 1:40h 3:20h 5h 6:40h 8:20h 10h 11:40h 13:20h Om 1:40h 3:20h 5h 6:40h 8:20h 10h 11:40h 13:20h
cpu_user () node v~ All Hosts b mem_bw (MB/s) node v All Hosts v
nodes (avg) [Shared] nodes (sum) [Shared]
100 = —r =
500 K 1
80 !
400K H I l I | ‘ |
VI L
) ||| I | .II | A Il 9 | h hil i
60 300K
40 200K
20 100K “ I H ‘ l”[ | |M| W " ’ ‘ 'l ‘ \ |
i P i1
0 0
Oom 1:40h 3:20h 5h 6:40h 8:20h 10h 11:40h 13:20h Om 1:40h 3:20h 6:40h 8:20h 10h 11:40h 13:20h

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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What would a monitoring tool need!

« Scheduling information:
— Which processes ran where?

— Which ressources were used by a specific job?
« Ressources per parallel entitiy?

— What aspects of the hardware was used?
« Hardware information:
— Which cores were saturated?
— What are the functional units doing?
— Which network connection was full?
« Context information:
— Which mathmatical equations were being solved?
— Which phase of the code was operational?
« Temporal information:
— What was the previous state?

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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Background: System Level Monitoring

Goal: track health-status of hardware

— Zabbix

— Prometheus

— Grafana

— Vendor specific tools

Operation:

— Node-level deamon gathers data locally, and sends
— System-level deamon gathers data remotely
Criteria:

— Local overhead

Data:

— Operational information:
« Load, hardware-failurs, energy consumption

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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How does it work?

* Node agent gather all data
— push: active send it to an aggregation agent
— pull: data gathered from aggregation agent
- Aggregation agent / service
— Processes data and vizualize

* Challenges:
— Perturbation by the node agent
1 ms / core @ 394 cores -> 0.4 s/ node / sample
— Network-traffik
« 1000 nodes * 394 cores * 1kb = 394MB / sample
— Aggregation work (DDOS)
 sychronous delivery: O(1 million) packets per query

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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System Level Monitoring:

Prozessorauslastung MEM-Knoten (last 3 months)
100
80
60

40

Anteil in %

20

0 =

1. Jun 26. Jun 1. Jul 26. Jul 10. Aug 25. Aug

.Jun  26. Jun 1. Jul 26.Jul  10. Aug 25.Aug 09. Sep

== max. Phase [A]

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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System Level Monitoring:

B 296 3687 239
Charts Jobs Queued Used Slots
Queueing
state @ Online |
Slots
Used m— — 123160
(@ used 28078 (@ free 6602
Queued 28078
(@ used 28078 (@ free 6602 (@ queusd 0
Job List
Job Id Name State Slois Nodes User Priority Submit Time Start Time
i 2025-08-30 2025-09-10 Hold -
[] 48843170 gpumd running 96 0a0c[0001-0003] 924198365 113134 it e Cangol
gaoc0001 gaoc0002 gaoc0003
2025-08-30 2025-09-10 Hold «
[ 48643172 gpumd running 9 e RS 14:55:24 13:33:14 Cancel
gageo003
h 2025-08-30 2025-09-10 Hold «
[ 48643173 gpumd running 96 e LRI 14:55:24 13:37:46 Cancel
gagqc0004
2025-08-01 2025-09-03 Hold «
[] 48649071 sdTLméo running 182 mpsc[0028,0233,0239,0244] 772022797 1004589 e e ol
mpsc0028 mpsc0233 mpsc0238 mpscd244
; 2025-08-01 2025-09-03 Hold «
[ 48650127 sgTLméo running 192 mpsc[0063,0076,0087] 772922797 R 23:41:39 19:13:35 Cancel

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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System Level Monitoring:

b 296 3687 23w

Charts Jobs Queued Used Slots

=

bey 451 43%  25%  401kw 50 56% ..

Charts Messages  Availability Usage Power Temperature  Humidity More
Overview
Rack72

® ® ) ® ® @ @ || nepetons @ @

@ @ % @ @ @ @ || nebelold © || ¢ loog0007 ]
— o g || © | | [)mpsc0276 2 o @ | | ()mpsc0552 o neme1004 o loge0008 2

L] 8 || X || ()mpsc0275 8 g @ | | O mosc0551 © | | O mnqc0002 L] ]
0 @ % || Omescot83 X | | ()mpsc0274 ] ® © | | Omescosso © | | Cmege0001 ® 2
ga Q 2 () mpsc0182 2 [ mpsc0273 2 [~ [~ (| mpsc0549 [~ [~ mpsc0E30 » 2
0 ) 8 | | () mpsco181 X | | () mpscozrz 8 [ © | | () mpsco548 © | | ) mpsco629 [ 8
= @ ||C 2 | | ()mpsco180 2 | | [)mpsc0271 2 X @ | | ()mpsc0547 @ | | [)mpsc0s28 o 2
o @ | | ()mpsc008s 2 | | ()mpsco178 X | | ()mpsc0270 2 o @ | | ()mpsc0545 © | | [)mpsc0s27 o 2
ga [~ () mpsc0085 2 () mpsc0178 2 [ mpsc0269 2 [~ [~ [ mpsc0545 [~ [ mpsc0626 [~ ' mssc0007 2
Ii @ | | O mpsco084 2 | | ()mpsc0177 X | | ()mpsc0268 2 o @ | | ()mpsco544 @ | | [)mpsc0s25 @ | | [)oagc0o4 o
o [~ () mpsc0083 2 (") mpsc0176 2 .::.mpsc(]ZG? 2 [~ [~ .::.mpsc0543 [~ .::.mpsc0624 [~ .::.ga_qm [~
—_— ] [ mpscO082 2 () mpsc0175 » ) mpscO266 2 ] ] [ mpsc0542 ] ) mpsc0823 ] ) 9aqe0002 2
0 @ | | [)mpsc0081 2 | | ()mpsco174 X | | ()mpsc0265 2 o @ | | (Ompsc0541 © | | [)mpsc0s22 @ | | [)oage0not 2

® || 2 | | ()mpsco173 X | | ()mpsc0264 2 o @ | | ()mpsc0540 @ | | [ mpsc0621 o |l o

© | | ()mpsc0073 2 | | ()mpsco172 X | | ()mpsc0263 2 o @ | | ()mpsc0538 © | | [)mpsc0s20 o o

@ | | () mpsco078 % | | () mpsco171 2 | | [)mpsc0262 2 o @ | | ()mpsc0538 @ | | [)mpsc0s18 G | ——

@ | | (O mpsco077 2 | | ()mpsco170 2 | | [ mpsc0261 2 o @ | | ()mpsc0537 & | | [)mpsc0s18 o

— | (| MDsc0076 2 "1 mpsc0169 b4 "1 mpsc0260 2 [.-] [.-] (1 mpsc0536 [.-] T 1mpsc0617 [.-]

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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System Level Monitoring:

LHJ Lzssj LSGB?J Lza%J

Charts

bam |

OBOEOEOED

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Tue 18:00 ‘Wed 00:00 ‘Wed 06:00 Wed 12:00

(CPUIN% ) (@nice | (@ system | (@ user (@ iowail | () idle |

o 56% ..
Period HZDZSVﬂSeptemherv 9 v |,14v :38v - ZDZEV]_[Septemberv 10v|,14v|:[38 v ShowD
Show Last | Calendar Year || Year || Calendar Month || Month || Calendar Week || Week || Calendar Day || Day || Hour)
Memory System Temperature CPU Temperature Rack Temperature

2007 100 100

180T 80 80

160T &0 &0

40T 40 40

120T : 20 20

00T 04 04

80T |

Tue 18:00 ‘Wed 00:00 Wed 06:00 Wed 12:00

(Memory in Byte ) () Tofal | (@ used | (@ buffer | (¢ cached |

Wed 00:00 Wed 12:00

[ Temperature in °C | | @ temperature min/max |

‘Wed 00:00 Wed 12:00

| Temperature in °C | (@ temperature min/max |

Wed 00:00 Wed 12:00

| Temperature in °C | (@ temperature min/max |

Rack Humidity
100
&0
&0
40
20
0+
‘Wed 00:00 Wed 12:00

[ Humidity in % | @ humidity min/max

Power
500 k
400 k w
300k
200k
100 k
a .
Wed 00:00 Wed 12:00

Energy: 18.35 Mwh

Current
B e e
15k
10k
05k
0.0

Wed 00:00 ‘Wed 12:00

| Power in W) [ power per phase | () total power

| Currentin A ) () current per phase | (@) lotal curre
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Manual correlation of data ...

sacct (SLURM accounting):

4 1 96 02:01:34 COMPLETED 0:0 336K 0 0 0
594.24K 130.23M mpsc0150 0 130.23M 7.57M mpsc0150

0) 7.57TM cpu=96,me+ cpu=02:00:34,+ cpu=02:00:34,+ cpu=mpsc0150,ener+
cpu=0,fs/disk=0,m+ cpu=02:00:34,+ cpu=mpsc0150,ener+ cpu=0,fs/disk=0,m+
cpu=02:00:34,+ energy=81,fs/d+ energy=mpsc0150,fs+ fs/disk=0 energy=70,fs/d+
energy=70,fs/d+

35 Muh

(Humidiity in % | | @ humidity min/max | (Power in W) (@ power per phase | (@ total power | (Currentin A | (@ current per phase | (@ total current |

Rack Humidity Power Current

s00k 20k M
] Ty,
15k
K

Wed
35 Muh

(Humidiity in % | | @ humidity min/max | (Power in W) (@ power per phase | (@ total power | (Currentin A | (@ current per phase | (@ total current |

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Manual correlation of data ...

sacct (SLURM accounting):

4 02:01:34 COMPLETED 0:0 336K 0 0 0
594.24K 130.23M mpsc0150 0 130.23M 7.57M

0) 7.57TM cpu=96,me+ cpu=02:00:34,+ cpu=02:00:34,+ cpu=mpsc0150,ener+
cpu=0,fs/disk=0,m+ cpu=02:00:34,+ cpu=mpsc0150,ener+ cpu=0,fs/disk=0,m+
cpu=02:00:34,+ energy=81,fs/d+ energy=mpsc0150,fs+ fs/disk=0 energy=70,fs/d+
energy=70,fs/d+

35 Muh

(Humidiity in % | | @ humidity min/max | (Power in W) (@ power per phase | (@ total power | (Currentin A | (@ current per phase | (@ total current |

Rack Humidity Power Current

s00k 20k M
] Ty,
15k
K

Wed
35 Muh

(Humidiity in % | | @ humidity min/max | (Power in W) (@ power per phase | (@ total power | (Currentin A | (@ current per phase | (@ total current |

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Manual correlation of data ...
sacct (SLURM accounting):

4 02:01:34 COMPLETED | | 0 0
594.24K  130.23M  mpsc0150 ¥23M  7.57M

0 7.57M cpu=96,me+ cpu=02-Nt. —M-00:34,+ cpu=mpsc0150,ener+
cpu=0,fs/disk=0,m+ cpu2?2-00:34,+ ‘ J

'pu=0,fs/disk=0,m+
cpu=02:00:34,+ eners /=< + er fs/r; -energy=70,fs/d+
energy=70,fs/d+

10
]

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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What would we like to see?

« Domain of job:
— Which processes ran where?

— Which ressources were used by a specific job?
» Ressources per parallel entitiy?

— What aspects of the hardware was used?
« What was the hardware doing:
— Which cores were saturated?
— Which network connection was full?
« What was the software trying to achieve

— Which mathmatical equations were being solved?
— Which phase of the code was operational?
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What metrics?

Simple model
Number of Instructi Memory M to C cat
umber of Instructions : emory to Communicate
Puntime — ' Instruction Y L.
Instructions Memory Memory
Second Second Second

« Metrics aim to capture and overt aspects of this expression

« Each of the terms above can (and should) be split into more precise sub-
terms

‘ Runtime J

t CPU ﬂ Memory H Network H Filesystem J

% t Branch H Integer M Floatingpoint J
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Architecture knowledge

« Understanding of the systems architectural capabilities: everything is complex

Memory CPU design

Unified Scheduler (97 entries)

Integer PRF Vector PRF
(180 registers) (168 registers)

[PortO||Port1||Port5|[[Port6||Port2|[Port3|[Port4||Port7]

4 poP HOoP HOoP pore por HoP poP [Tle o
ALU ALU ALU [ALU &S hiff] [ Load Addrs Load Addrs | | Storelsta | | Store Addrs |
Vect ALU Fast LEA Fast LEA || Branch Stare Addrs Store Addrs
Vec Shift Vect ALU Vect ALU
S iathie] [t el
)S omll Store Buffer
Z \ o [ Load Buffer (56 entries)
2 wnc] [Zent | (72 entries)
(a )] P 32B/cycle
$
\ Ny
L1 L2 | L3 TLB # | 1Ds (32 Kig; 8-way)
>
Size Src.: https://en.wikichip.org/wiki/intel/ microarchitectures/cascade_lake

y
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Hardware Performance Counters

« More than 2000 events, limited counter registers

Counter-group __[Details

CYCLE_STALLS

FLOPS_DP Double Precision MFLOP/s

L2 L2 cache bandwidth in MBytes/s
DATA Load to store ratio

MEM Main memory bandwidth in MBytes/s
L3CACHE L3 cache miss rate/ratio

Power Power and Energy consumption
BRANCH Branch prediction miss rate/ratio
CACHES CACHES

=

=

MEM:

« Memory read bandwidth [MBytes/s]
« Memory read data volume [GBytes]
« Memory write bandwidth [MBytes/s]
« Memory write data volume [GBytes]
« Memory bandwidth [MBytes/s]

« Memory data volume [GBytes]
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Roof-line model

e Lay-mans summary:
Performance limited either by
« compute or
*  memory

Peak FLOP/s

Work
Byte
« Goal: Get to the ridge-line

« Move to the right: do more work with the
same data
|

» Move to the left: do less work with the same ,
data - ; , >
Arithmetic Intensity (FLOP: IBy’ce)

 Arithmetic intensity

Attainable Flop/s

Bandwidth-bound I Compute-bound
/ <>

[ Apphes to a Steady-state } Src. https://docs.nersc.gov/tools/performance/roofline/
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Understanding and Context

"
o)
(le
@
o

ClusterCockpit 2\  Live view

« Metrics gathered for a ,whole run™ have
little expressiveness

63 nodes
150
)y
£ 100
50
0
0 5 10 5 20

« Context during which a metric was ot

GF

Started:

g a th e red 2%2:43 PM
» Correlate change in metric to specific code

e
.
regions -
g Duration: “
14h34m 5
g’
Started: & 10 J
1V/4/2018, 9:22:11 PM
load-imbalance 5

- Requirements: =

1063593.eadm

— How it ,,should" run ol N

[load]
o o B8 & 8
° j—
o
~
3
(8] (GB)
o o ) 7 3 =) S 3 © » = i3 8
= of °
w % 5 o
3 - 3 g
Z 3 Z g
[ = o =
o
™
3
[GFJS}
o g 8
o
| “%

flops_any

flops_any

What the hardware can do . F g k
— Observe actual execution — % -

Src: https://www.rrze.fau.de/2020/01/webanwendung-zum-jobspezifischen-performance-monitoring-eine-erfolgsgeschichte-keine-
ressourcen-verschwendung-gezielte-optimierung/
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Measurement Techniques

« Process isolation prevents direct observation of a programs state
— Modify the target program before execution
— Use a loader to gain control of the application
« Keyword: LD_PRELOAD mechanism
« Terminology:
— Hook: Facility to potentially measure
— Probe: A measurement device, connecting to a hook
— Measurement: Gathering of data and context

« Resolving the temporal state of the program
1) Sampling
2) Instrumentation
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Sampling without unwinding

Call-stack view:

recursion(int depth){ B3 ot ot te t7  t8 to  two
if (depth>1)
return recursion(depth-1);
return; Time
Measurement view:
main( argc, ** argv){
for ( depth=1;depth<4;depth++) — T N T —

{
}

recursion(depth);

main

Unwinding exposes stack
~1hunking/Trunking" accuarately tracks function exits

recursion(?)
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Basic Instrumentation Concept

Call-stack view:

recursion( depth){
if (depth>1)

return recursion(depth-1); ‘ ‘ | H | ‘ “ ‘ ,
return; Time

Measurement view:

main( argc, ** argv){

for ( depth=1;depth<4;depth++)

{
}

recursion(depth);

main

« Instrumentation before or after optimization

recursion(?)

=
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Overhead of sampling and unwinding

OSampling — >0000
Zlocations OUnWind(loc') * Tl(lOC.)
»  Oynwindging ~ 4%¥107%s, 7 4=10] 0 1 e ) A
»  Diocations M(loc.)/second ~ 200Hz
 Unwinding is not for free 8
-« Example: R I A R A B A AA
_ Runtime: 10000s A A A ="
— Samplerate: 200Hz 12500 -- -1 - AAA e\ -
— Average unwinding-depth: 10 A N\
Overhead: 2500 (= -y
100,0005*200Hz*7.5ps = 155 . 2 3 4 5 6 7 8 9 10

number of unwinds

% DOI: 10.1109/ICPPW.2014.33 CPU: 2,5GHz
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Instrumentation overhead considerations

m 0 . = 0 * n. :
Functions |Function Calls Instrumentation Probe Invocations

444 .namd 1,62E+06

453.povray 155 809 1,41E+06 « (Cost of a Sing|e probe:
464.h264ref 62 319 2,55E+08 - —9
403.gcc 288 2734 3,40E+08 = Oprope = 4+ 10
447.dealll 302 5491 1,17E+08

458.sjeng 488 73 1116410 © Number of probe-calls:
473.astar 338 129 7,66E+09 — 1,41 E+06 < Nypyocations < 170 E+09
433.milc 437 112 1,73E+07

450.soplex 205 769 4,72E+09

482.sphinx3 532 203 1,25E+09

lulesh 102 254 6,50E+10

miniFE 46 552 2,80E+10

DROPS 63 7257 1,70E+11

=
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Instrumentation overhead considerations

Functions |Function Calls

444.namd
453.povray
464.h264ref
403.gcc

447 .dealll
458.sjeng
473.astar
433.milc
450.soplex
482.sphinx3
lulesh
miniFE
DROPS

=

155

62
288
302
488
338
437
205
532
102

46

63

809
319
2734
5491
73
129
112
769
203
254
552
7257

1,62E+06
1,41E+06
2,55E+08
3,40E+08
1,17E+08
1,11E+10
7,66E+09
1,73E+07
4,72E+09
1,25E+09
6,50E+10
2,80E+10
1,70E+11

1,30E-02 0%
1,13€-02 0%
2,04E+00 3%
2,72E+00 1%
9,36E-01 0%
8,88E+0 18%]
6,13E+0 18%
1,38E-01 ;
3,78E+0] 122]
1,00E+01 2%,
5,20E+0 510%
2,24E+0 487%
1,36E+0 2159%

25.09.2025
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| |
= | |
Take-Away

« Performance analysis techniques helpful
 Too expensive for job level monitoring
« User work to tailor measurement

m) Gathering program state without help not likely

=
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Is there a middle ground?

« System operation:

— system healthy?

— all hardware operational?

— providing peak performance?
« Usage monitoring:

— what ressources are used ? ———

— which ressources are the limiting factor? monitoring
(compute units, memory bandwidth, memory capacity ...)?

— are ressouces utilized, or just occupied?
« Performance monitoring / analysis:

— what is the software doing?

— why is the software behaving like that?

less context,
less data,
existing solutions

system

monitoring

more context,
el @A illli-8 more data,
existing solutions

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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Correlation game:

H

essisches Kompetenzzentrum fir Hochleistungsrechnen

r

 What can we know:
— Which software (job) ran when &

where

 Batch systems knows

_

» Metrics per scheduled entity

— E.g.: Which MPI rank ran when and
where? Cofele
— Time-series of metrics at granularity

Compute node

N

25.09.2025

r

Compute node

< Fast network R

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky

ﬁ

N
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Correlation game:

H

essisches Kompetenzzentrum fir Hochleistungsrechnen

r

 What can we know:

— Which software (job) ran when & o
where TN
 Batch systems knows

» Metrics per scheduled entity

— E.g.: Which MPI rank ran when and
where?
— Time-series of metrics at granularity

Compute node

N

25.09.2025

r

Compute node

< Fast network R

Tool to match and correlate data!

node#1 — core O

node#2 —core 1

node#1 — core 3

node#2 — core 2

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky

.

ﬁ
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N
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Correlation game:

« What can we know: Compute node Compute node

— Which software (job) ran when & po—
where |mﬂ

 Batch systems knows

T —

J

— E.g.: Which MPI rank ran when and
where? Core 6 Core 5
— Time-series of metrics at granularity

< Fast network R

» Metrics per scheduled entity
Tool to match and correlate data!

node#1 — core O

. J

node#2 —core 1

node#1 — core 3

node#2 — core 2

HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Metrics to measure ... ?
* Mock-up cluster:

— Node:
. CPU:G 2x AMD EPYC 9965 (192 cores) ~ 8.000€ / piece
« Motherhoard: Dual Socket Motherboard ~ 1.600€ / piece
« RAM.: 24x 32GB DDR5-4800 (ECC) ~ 270€ [ piece
. Network.e InfiniBand HDR100 ~ 850€ / piece
: H+66 ~—408-0666—Fptece-
« Misc: Cables, chassis, infrastructure, storagee ~ 5000€ / node
— Operational costs (1000 nodes):
« Staff: 7 FTE (full time employees) ~ 80k€ / FTE /Yy
« Power: ~ 3.4 MW ~ 67,70 € /| MWh
* Node/h ~ 0,97€ Node/y ~ 8562€
 Cluster/h ~ 977,44€ Cluster/y ~ 8.562 M€

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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Metrics to measure?

* Any metric, that is related to individual hardware and usual bottlenecks:
— Utilization
« Allocation vs actual use
- CPU
« Compute unit utilization
« Cache use
« CPI/IPC
— Memory
« Memory use
« Memory bandwidth
— Network
 Saturation
« Packet size
— Storage
IO operations

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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CusterCockpit: Concept and Purposes
 Cluster-wide continuous monitoring

- Hardware Performance Monitoring (HPM) metrics: CPI, GFlops/s, Memory bandwidth; load,
memory usage, File IO, Network utilization, RAPL energy metrics, GPUs ...

- Fixed frequency measurements for native granularities (core, memory domain, socket, node)

« UI for
- job monitoring,

- early detection of performance or runtime issues
- access to aggregate statistics for users and jobs

- Web-interface (different views for roles: admin, support, manager, user)

. Search, filter, tag, and sort jobs, users, and projects

- Job-specific views with metric plots, job statistics, job meta information
. Cluster-specific views with overall utilization, job and user statistics

O https://github.com/ClusterCockpit/

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky
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Cluster Cockpit: Job-list

Gl USterCOCkpit > ol My Jobs @ Jobs © Tags # Users~ {J Projects~ & Nodes~ |~ Analysis v (4 Status ~ Search 'type:<query>' .. QO n © > Logout HRZ-lwainsky

25.09.2025

‘ 15 Sorting ‘ |+ Metrics Manage Filters htenberg2 H £ running Project Vv  Find project ... No Interval v | © Refresh

@ Cluster/Partition

Job Info cpu_load B) flops_any (GFlops/s) mem_bw (GB/s) clock (MHz) cpu_power (W) CPI (CPI) cpu_load core () cpu_user ()
48808119 (Lichtenberg2) 0 Z nodes $ Job States _ Ishared] nodes (sum) [shared] 250K nodes [Shared] nodes (avg) Shared] Thodes sum) {Shared] - 6 nodes (avg) [Shared] 95 nodes (avg) (Shared) | nodes (avg) [Shared]
- o— o b
speCefe £5 Start Time S J el 57 e gip e (R )
Array Job: #48776574 . : ) b 600 o %
" i @) Duration 4 ;
150K N 500 8
£’ u 1 8
© Tags / 0 3
5 == (shared) , 96 © 42 st 1005k 7 5 L3 -
‘ | IR AN T U 4 R
mpsc o £ Resources o 300 —L— 7
50K =
Start: 13.9.2025, 00:09:40 E i B !
s % 1l Statistics 21k 0 SEEEEreny @
Duration: 0:06:06 [ runniing ] % o 0
Walltime: 10:00:00 om ‘ g 6m om im 2m 3m 4m Sm Om 1m 2m 3m 4m Sm om im 2m 3m 4m 5m Om 1m 2m 3m 4m Sm Onr==4m==~2nr =~ 3m=--4ar = Sm
48808117 (Lichtenberg2) 0] 100  node (shated]  node ishared] "% cores: min/median/max 12K node [Shared] 4K cores: min/median/max o sockets (Shared] 30 cores: min/median/max
AU 80 { =il | 25
80 200
& 20
2 & 5 [/ — s i S— —
mpsc0481 == (shared) , 96 © " Runtime 5m | 1
mpsc 40 100 Lo > i o
Start: 13.9.2025, 00:06:03 © | { |
Duration: 0:09:43 () 2% | 5
Walltime: 96:00:00 0 0
Om 2m 4m 6m Om 2m 4m 6m Om 2m 4m 6m Om 2m 4m 6m Om 2m 4Am 6m
30K ' 14K )
48808116 (LichtonborgZ) 0 node [Shared] 350 node [Shared] node [Shared] 4K  cores: min/median/max sockets [Shared] cores: min/median/max cores: min/median/max
100
AU 80
2 0 o
2 B” )
150 30
mpsc0430 == (shared) , 96 ©
60 40
mpsc 100 2
Start: 13.9.2025, 00:06:03
_ 40 50 20 10
Duration: 0:09:43 (EEEET)
Walltime: 96:00:00 0 0 0
Om 1m 2m 3m  4m 5m Om im 2m 3m  4m 5m om m 2m 3m 4m Om im 2m 3m 4m Om im 2m 3m 4m Om im 2m 3m 4m Om im 2m 3m 4m Om 1m 2m 3m 4m 5m Om 1m 2m 3m 4m 5m
48808115 (Lichtenberg2) 0 nodes {Shared] 50  nodes (shared] 330K nodes (sum) [Shared] 350y nodes (Shared] nodes (avg) (shared] 800 “fiodfestEam Tt [Shiareal * 4 nodes (avg) [Shared] nodes (avg) {Shared] nodes (avg) [Shared]
Sesde 1y 50 OO0 ¢ ) 2 | 100 ,i ettt el )
speCefe K 300K\ / e
Array Job: #48776574 9 200 250K Nl 2
250K fj
2 o /
b 200K
2 i 200K / 15 70
150 K
5 wm (shared) , 96 © 46 o, / 150K /\ / \ 10 ©
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Cluster Cockpit: Job-list

ClusterCockpit ) all My Jobs @ Jobs © Tags 88 Users~ {J Projects v & Nodes~ [~ Analysis ¥ (4 Status v

Sort rows

O Start Time

2 Duration

(® Number of Nodes
() Max. Memory Used

@ Avg. FLOPs

() Avg. Memary Bandwidth

() Avg. Network Bandwidth

mpsc
Start: 13.9.2025, 00:06:03

Duration: 0:09:43 ()

Walltime: 96:00:00

48808116 (Lichtenberg2)
AU

a

2

mpsc0430 == (shared) , 96 ©
mpsc

Start: 13.9.2025, 00:06:03

Duration: 0:09:43 (EEEET)

Walltime: 96:00:00

48808115 (Lichtenberg2)
speCefe
Array Job: #48776574

2
2

5 = (shared) , 96 ©)

40

20

Om 2m

node

nodes
(Rt

4m 6m
[Shared]
2m  3m 4m  5m
[Shared]
o

0

250

150

100

Hessisches Kompetenzzentrum fiir Hochleistun

srechnen

25.09.2025

Search 'type:<query>' .. QO 0 © 3 Logout HRZ-lwainsky
Lichtenberg2 H £ running Project v Find project ... No Interval ™ O Refresh
used (GB) flops_any (GFlops/s) mem_bw (GB/s) clock (MHz) cpu_power (W) CPI (CPI) cpu_load core () cpu_user ()
[Shared] nodes (sum) (shared] 259K nodes [Shared] nodes (avg) [Shared) Thodes (sum) [Shared] - 6 nodes (avg) [Shared] 95 nodes (avg) {Shared] nodes (avg) {Shared]
OO0 1
700 r\..,‘_,4:\ b
200K . p 7 5 9
N/D 600 . o5 90
150K N s ¢
g / ' )
—r— — 100K g 400 75
28K 2 secccecccccsccncensfonncees 70
S od o 300 A 7
50K o =
7
27K 200 = ! | 65 60
0 0
2m 4m 6m om 1m 2m 3m 4m Sm om im 2m 3m 4m  Sm Om 1m 2m 3m 4m Sm om im 2m 3m  4m  Sm Ont == 4m==-2nr = 3m--4ar == 5m
[Shared] 12K node {Shared] 4K cores: min/median/max sockets [Shared] 30 cores: min/median/max
O 80 | 25
20
60 - i <+
Runtime 5m 15
40
min 0 10
5
Y 0
om  2m  4m  6m Oom  2m  4m  6m om 2m  4m  6m om 2m  4m  6m
node {shared) 1% cores: min/median/max 0K node {Shared] 4K cores: min/median/max 14K sockets [Shared] cores: min/median/max cores: min/median/max
15
80
125 40
60 10
30
75
g 20
5
20
25 L
om im 2m 3m  4m  Sm om  m  2m  3m  4m om im  2m  3m  4m om im  2m  3m  4m om  im  2m  3m  4m Om 1m 2m 3m 4m Sm Om 1m 2m 3m 4m Sm
nodes (shared] 390K nodes (sum) [Shared] 350y nodes [Shared] nodes (avg) (Shared) 4 nodes (avg) [Shared] nodes (avg) [Shared) nodes (avg) [Shared)
) 2 100 P e PN Dbl Wi
300K 35 5 o0 g
300K\ /
250K No-d \ 3 20
250K 3 )
200K A / ©
200K / / Y , 15 70
150K 150K | )
\ R | \ 15 10
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Cluster-Cockpit: Job-view

ClusterCockpit ™\ alMylobs [EJobs © Tags 88 Users~ {JProjects~ & Nodes~ [~ Analysis> (3] Status~

Job Info 1 Concurrent Jobs

47377875 (Lichtenberg2) o)
lin2nd30

2

$ 3

3 wm (shared) , 96 ©

mpsd

Start: 1.2.2025, 15:54:18

Duration: 24:00:12 (ST

Walltime: 24:00:00

Manage Tags l: No Tags

Footprint Polar

cpu_load (avg)

mem _bw (avg)

mem _used (avg)

« @&

Lo 4

CPU: 10498.77 kWh (cpu_power)

Select Metrics (Selected 13 of 15 available)

cpu_load ()

120 fodes

node v All Hosts v

[Shared]

100

80

60

40

20

0
Om  1:40h 3:20h

clock (MHz)

4K nodes (avg)

38K
36K

34K

e ([ 1]

ik

Sh  640h 820h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h 23:20h
node v All Hosts v

[Shared]

T

() 94.55066666666666 / 128

>

(© 57.42633333333334 / 538 GB/s

>

A (919.421333333333333 /512 GB

mem_used (GB) node v All Hosts v
nodes [Shared)]

400

300

200

100 |

it ]

Om  1:40h 3:20h

cpu_power (W)

300K 1odes (sum)

250K

Sh  6:40h 8:20h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h 23:20h

node

v

All Hosts

v

[Shared]

Slart seessssssseninanes

Hessisches Kompetenzzentrum fiir Hochleistungsrechnen

25.09.2025

Search 'type:<query>" .. ‘ Ql® |m ] ‘ 3 Logout HRZ-Iwainsky

CPU Roofline Diagram

flops_any (GFlops/s) node v All Hosts

175K nodes (sum)
150 K
125K
100K
75K
50K
25K

0

Om  1:40h 3:20h 5h  640h 8:220h 10h 11:40h 13:20h 15h 16:40h18:20h 20h 21:40h 23:20h

CPI (CPI) node V.
8  nodes (avg)

All Hosts

7

Total Energy: 10498.77 kWh

[Shared)]

mem_bw (GB/s) node v All Hosts v
b Ii
m“ l

. |

0
Om 140h 320h Sh 640h B20h 10h 11:40h13:20h 1Sh 16:40h1820h 20h 21:40h23:20h

cpu_load_core () node v All Hosts v

nodes (avg) [Shared]
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Cluster-Cockpit: Job-view

Clustercockpit> all My Jobs  ( Jobs © Tags 82 Users ~

60
40
20
0
Om 1:40h 3:20h 5h  6:40h 8:20h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h23:20h
clock (MHz) node v All Hosts W
4K nodes (avg) [Shared]

38K

36K

34K

32K

3K

Om  1:40h 3:20h 5h  6:40h 8:220h 10h 11:40h 13:20h 15h 16:40h18:20h 20h 21:40h 23:20h

runtime () node v All Hosts v
nodes [Shared]
1044
1043
1042

104.1
104
Om 1:40h 3:220h  5h  6:40h 820h 10h 11:40h 13:20h 15h 16:40h 18:20h 20h 21:40h 23:20h
Resources Statistics Table Job Script Slurm Info
#!/bin/bash
#SBATCH -A

#SBATCH -t 24:00:00
#SBATCH --mem-per-cpu=3600
#SBATCH -n 96

#SBATCH -c 1

#SBATCH -d singleton

) Projects ~

& Nodes v |~ Analysis v (4 Status ~

£y

100 K
200 75K
50K
100
25K
01 — 0
Om 140h 3:20h 5h 6:40h 820h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h 23:20h Om 140h 3:20h 5h 6:40h 820h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h23:20h
cpu_power (W) node v All Hosts v CPI (CPI) node v All Hosts v
300K 11odes (sum) {Shared] 8 nodes (avg) [Shared]
250K 7
6
200K
5
150 K )
100K 2
2
50K
1
0 0
Om 140h 3:20h Sh  6:40h 820h 10h 11:40h13:20h 15h 16:40n18:20h 20h 21:40h 23:20h Om 1:40h 320h Sh 640h 8:220h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h23:20h
cpu_user () node v All Hosts v proc_total () node v All Hosts v
nodes (avg) [Shared] nodes [Shared]
100 1K
80 800
60 600
Runtime  13:47h
40 400
[ mpsdoo17 96,89
@ [ mpsd0046 9922 200
[ mpsd0147 76,72
0 mepsep—— 0
Om 140h 3:20h Sh  6:40h 820h 10h 11:40h13:20h 15h 16:40n18:20h 20h 21:40h 23:20h Om 140h 3:20h Sh 6:40h 8:20h 10h 11:40h13:20h 15h 16:40n18:20h 20h 21:40h23:20h
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Search 'type:<query>'..

QO m|| @ ‘GLogoutHRZ-lwainsky
w0 —— =

Om T4Oh 320h Sh GAOh 820h 10h 1140h1320h 15h 1640h1620h 20h 21:40h2320h

cpu_load_core () node v All Hosts v
nodes (avg) [Shared]
40
35 ' ' l
30
P
20
15
10
5 R = o
d
0
Om 140h 320h Sh G40h 820h 10h 11:40h13:20h 15h 16:40h1820h 20h 21:40h 2320h
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uster-Cockpit: Job-view

ClusterCockpit 2 4l My Jobs [EJobs © Tags 82 Users~ {J Projects v & Nodes~ |~ Analysis v (&) Status v

Hessisches Kompetenzzentrum fiir Hochleistungsrechnen

25.09.2025

. ‘ .
Search 'type:<query>' .. Q|® |@|| & || B Logout HRZ-Iwainsky

SR B SRl T A & 4 Bl Bl

new ooy

DL e | 1ot o

38K 35
6
36K x
5 P4
34K a 3
32K 2 5
2 10
3K
1 5 PERDY vy T, "
Naied
0 + 0
Om  1:40h 3:20h Sh  6:40h 8:20h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h 23:20h Om 1:40h 320h Sh 6:40h 820h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h 23:20h Om 140h 320h Sh 6:40h 8:20h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h 23:20h Om 140h 3:20h Sh 640h 8:20h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h 23:220h
runtime () node v All Hosts v cpu_user () node v All Hosts v proc_total () node v All Hosts L
nodes (Shared] nodes (avg) (Shared] nodes (Shared]
100 1K
1044
80 800
1043
60 600
1042 L
40 400
104.1
20 200
104
0 0
Om 1:40h 3:20h S5h 6:40h 820h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h 23:20h Om 1:40h 3:20h 5h 6:40h 8:20h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h 23:20h Om 1:40h 320h 5h 6:40h 8:20h 10h 11:40h13:20h 15h 16:40h18:20h 20h 21:40h23:20h
Resources Statistics Table Job Script Slurm Info
#!/bin/bash
#SBATCH -A
#SBATCH -t 24:00:00
#SBATCH --mem-per-cpu=3600
#SBATCH -n 96
#SBATCH -c 1
#SBATCH -d singleton
#SBATCH -J lin2nd3e
module purge
module load gcc/8.3.1
module load gsl
module load openmpi/4.0.7
srun pimpleFoam_lin2nd3@ -parallel | tee log
Imprint  Privacy Policy,

Version 1.43 Hash 73b70144692148886(5eadach
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CusterCockpit: User-list (a project list is also available)

‘ Filter by username [ 52 Filters ] [ £3 Last 30 Days ]
Username |} Name [} Total Jobs 1} Total Walltime Total Core Hours 1} Total Accelerator Hours 1:

16664 28376 28376 0
4159 25052 25052 0
1838 23682 378909 23681
119916 19073 32914 0
11302 18481 295709 18481
716 13705 986793 0
4234 13432 967142 0
1446 12146 194313 12146
3562 10032 10032 0
2826 9880 59281 0

533 9864 631300 0

763 9373 299900 0
3573 8197 3541186 0
1023 8186 130986 8186
3479 7811 141933 8870
5967 7431 118900 7431
761 7318 29274 0

314 6996 223874 13992

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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CusterCockpit: Cluster status view (aka management view)

Cluste rCockpit ) o My Jobs B Jobs € Tags S Users™ IJ Projects ™ & Nodes™ [~ Analysis* [&) Status ~ Search 'type:<query>" .. Q @ | m | I & { = Logout HRZ-Iwainsky
- e e - T ——
Allocated Nodes ] 1/ 2 Nodes
Flop Rate (Any) @& 0/13.12 TF/s [Max]
MemBw Rate 0/ 602 GB/s [Max]
Top Users on Lichtenbergz Legend User Name Number of | Cores v Top Projects on Lichtenbergz Legend Project Code Number of | Nodes v
o 7680 ® 274
[ ] 6720 [ ] 116
@ 5568 ® 100
[ ] 2112 [ ] 88
[ ] 1728 [ ] 33
e 1344 ‘ [ ] 20
[ ] 1248 ® 20
] 1056 ] 18
[ ] 960 [ ] 18
® 960 [ 17
Duration Distribution Number of Nodes Distribution
w EY @
: -
20
i i
= =]
2 g H
0 ———————J——— ——————— e et e e e e e e _—
h ah 12h 16h 20h 24h 28h 32h 36h 40h 44h agh 5 6 7 8 9 10
Current Job Runtimes Allocated Nodes
Number of Cores Distribution Number of Accelerators Distribution
150 9 500
3 3
3 10 § A0
3 3
E E
2 s 2 0
o Moot . - 0
50 100 150 200 250 300 350 400 450 500 550 600 550 700 750 800 850 900 950 [ 5 10 15 20 2 30 E 40 45 50 55 60 65 70 75 80 85 90 95 100

Allocated Cores Allocated Accs
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ClusterCockpit: Cluster-view

Cluste rcockpit ) «ll My Jobs = Jobs © Tags 82 Users~ {J Projects~ & MNodes~ |~ Analysis~ [s Status~ Search 'type:<query>". Q| ® |@M| @& || >LlogoutHRZ-lwainsky
[~ Metrics ‘ 3 selected ‘ &  Find Node(s) Filter hostname ... @ Range Last 12hrs v No Interval v | © Refresh
Lichtenberg2 Node Info cpu_load () clock (MHz) mem_used (GB)

od hwihreads: min/median/ od
Node gaoc0001 Lichtenberg2 Gaoc h roqls: min/medianymas node
170
4K
2
e 150
A Activity 7 Jobs | & List | " 140
42h  -1th  0h  9h 8 7Th  6h  Sh  -#h  -3h  2h  -th  Oom 130
8  Users 2 Users | © List
' 15 hwthreads 120
110

-

) Projects 2 Projects |"ll<.l‘ 10 ‘ ML’FMW[L:MMMA“#M*mm%hhm*m 100
5 « Wt RS et

-12h -11h -10h -9h -8h -Th -6h -5h -4h -3h -¢h -1h Om -12h “11h -10h 9h 8h 7h -6h -5h -dh -3h -2h -th Om -12h -11h -10h 9h -8h -Th -6h -5h -4h -3h -2h -1h Om

p0020992, project02525

~

od hwthreads: dian/ 220 node
Node gaoc0002 Lichtenberg2 Gaoc 1o —hode regds: min/medien/imax ™

120
© Sstatus 180
A Activity 7lobs | & List 0 Wm
J 80 I 1 0
) A2h Ath-doh 9h  gh 7h 6h  Sh b 3h o 2h b Omo
&  Users 1 User | 5 List
60 hwthreads 100
8K
\ 40 80
O Projects 1 Project |  List oK @
project02525 » i &Mh—ml-.mum.«ww Jkul,-a,vmhkb\uhwwhw-h

2K *w"‘"‘Wl‘“"m"ﬂ;"\"f"lf’rM{*"mrM?mh‘uHW&m:wﬂ “o

12h 11h 10h 9h 8h Th 6h Sh 4h 3h 2h 1h Om -12h -11h -10h -9h -8h -Th -6h -5h -4h -3h -2h -1h Om 12h 11h 10h 9h 8h h 6h Sh 4h 3h 2h 1h Om

od hwthreads: d od
Node gaoc0003 Lichtenberg2 Gaoc oo 20K repds; muin/medion/ i 350  node

300
© Status EELEIEG 10K
2 250
ok @ML L b

A Activity 6 Jobs | & List e e e

\ “th - -10h -9h  8h  -7h 6h sh -ah  3h -2h th  Om
8  Users 2 Users | S List
hwthreads 150

v “ o ﬂ il . MMJ 1 . o M
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Cluste rcockpit 2 all My Jobs [ Jobs © Tags & Users~ {J Projects* & Nodes~ [~ Analysis~ [4) Status = Search 'type:<query>".. Q| @ m & > Logout HRZ-Iwainsky
1= Sorting ] [~ Metrics ‘ | =5 Filters = al  Duration Bin Size  1h v Project v Find project ... No Interval v 0 Refresh
Username Duration Distribution Number of Nodes Distribution
Total Jobs 19 15 l w0 ]
Short Jobs 5 3 § o
3 10 5 .
Total Walltime 19 i i
§ 5 E 9.25
Total Core Hours 2025
9
0 1__1_ _________________________________________ .
ah 8h 12h 16h 20h 24h 28h 32h 6h 40h 44h 48h 1 2
Job Runtimes Allocated Nodes
o Select Histograms ol Metric Bins 10 v
No footprint histograms selected.
Job Info cpu_load () mem_used (GB) flops_any (GFlops/s) mem_bw (GB/s)
48807612 (I.ichtonburgZ) ] nodes [Shared] 82 nodes. [Shared] nodes (sum) [Shared] nodes [Shared]
HEERLRie 2 001
specmpi_115.fds4 8 I
2 20 78 0.008
2
15 76 0.006 30
2 == (shared) , 192 &
mpsc 10 14 0.004
20
Start: 12.9.2025, 20:49:58 - 72 0002
o e 7 . WM A A AAAANTNAAN e AN,
Walltime: 4:00:00 e . L 0
Om 10m 20m 30m 40m 50m 1h  1:10h 1:20h 130h 140h 1:50h 2h Om 10m 20m 30m 40m 50m th 1:10h 1:220h 1:30h 140h 1:50h 2h Om 10m 20m 30m 40m 50m 1h  1:10h 1:20h 1:30h 140h 150h 2h Om 10m 20m 30m 40m 50m 1h  1:10h 120h 1:30h 140h 150h 2h
i < | 60 node hared odh shared] 20K nod hared ™ hod hared
48789006 (Lichtenberg2) s [Shared] nodes [Shared] nodes (sum) [Shared] nodes [Shared]
specmpi_104.milc 50 200 100K 200k ‘
2
40 80K
2 = 600K
2 == (shared) , 192 (& 30 S0k
mpsc e 400K
P 20 40K
Start: 11.9.2025, 23:58:17 50 o 200K
Duration: 2:06:07 m &
Walltime: 4:00:00 - ° ° °
Om 10m 20m 30m 40m 50m 1h  1:10h 1:20h 1:30h 140h 1:50h 2h Om 10m 20m 30m 40m 50m 1h 1:10h 1:20h 1:30h 1:40h 1:50h 2h Om  10m 20m 30m 40m 50m th 1:10h 1:20h 1:30h 1:40h 1:50h 2h Om 10m 20m 30m 40m 50m th 1:10h 1:20h 1:30h 1:40h 150h 2h
48788444 (I.i:hhnberg:) - - nodes [Shared] 18 nodes [Shared] " nodes (sum) [Shared] nodes [Shared]
== | e—— § - P - 1 —— .



62 Hessisches Komﬁetenzzentrum fiir Hochleistunﬁsrechnen
ClusterCockpit: Components

= Components
= cc-backend

= cc-metric-collector

: T opt. database
= cc-metric-store S Metric-

= Open-source MIT license _ Metric-Store

batch
coupling-script

,backend”
aka
ClusterCockpit

JobArchive

You must provide adapter, e.g.:
* Slurm commands

* Slurm REST API

* PrEp Plugin

e Existing SLURM coupling

opt. database

O https://github.com/ClusterCockpit/

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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... hice tool, but at what price?

= Metrics collectors at the node level

= Collector Hardware Performance Counters / Core
- 96 /106 / 392 times the base overhead

= System level metrics
- Once per system

= Data-transfer / node
= Metric Store

= Data-sink for all nodes
= O(2kB) data per node
- Data retention for max job length Hardware

_ _ _ & metrics
= Backend / Visualization

Overhead
and costs

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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Other tools?

= Many tools

= Highlight:

_LView by Jilich Research Center
nttps://qgithub.com/FZJ-JSC/L Lview
= System level views

= Per Job statistics

= No additional hardware counters

= Not suited for shared nodes

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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LLView

25.09.2025

& Users/Projects ~

Sinternal ~ 2 Help [O) Mlew

| JUWELS Booster: Support view OLive & System ~ Workflows £ History

1ob¢d owner pvmeci queue starttime

[fiter | filter 1 fitter [m  fiter | \ filter ] filter fitter [[r [ fiter || er filter |{fiter ] filter || ier E fiter |
5438442 User1031 G225 booster | 2022-12-15 1045 2022-12-15 12:44  1hSem 115.80 017 000 005 4523 000 4068 378 050 76.88 4584 124516 001 035
6438443 user1031 grp226 booster  2022-12-15 10:45 2022-12-1512:44  1h59m 1530 1190 000 005 4476 000 3962 378 057 77.96 4546 124374 001
6438444 User1031 grp226 booster  2022-12-15 1045 2022-12-1512:44  1hS9m 11525 2462 001 005 4367 000 3980 377 055 77.60 4557 125382 001 034
6438445 user1031 grp226 booster  2022-12-15 10:45 2022-12-15 12:44  1h59m 11595 2945 001 005 458 000 39.41 a7 052 74.43 4489 125382 001 034
6438474 User1908 grp320 booster  2022-12-15 10550 2022-12-15 12:41  1hS1m 13675 252159 068 168 9664 002 82.14) 1198 38.16 198.41 5467  1,407.16
6438491 User1908 grp320 booster  2022-12-15 10:54 2022-12-15 1256 2h01m 187.75  2.438.89 065 65.19 9.17 1429 141.76 4983 1.408.11 065
6438521 user1908 grp320 booster  2022-12-15 11:00 2022-12-15 12:56  1hS6m 13808 229883 062 2034 6451 245.13 5605 139694 LY oss
6438537 user1040 grp388 booster  2022-12-1511:40 2022-12-15 1256 1h15m 0437 423412 122 003 570 000 30.46 1027 1883 13312 4985 120857 001 030
6438563 user1049 Q245 booster  2022-12-15 11:08 2022-12-15 12:56  1h48m 2532 262 0.00 001 sses oo RS 119 015 50.02 a7 43167

13698 2.487.96 066 13.02 3848 19235 5335  1,407.08 | oz
13675 263043 070 [ a2 1629 53.14 22185 5496 140508 (X 034

6438569 user1908 grp320 booster 2022-12-15 11:08 2022-12-1512:56  1h48m
6438573 user1908 grp320 booster 2022-12-15 11:08 2022-12-1512:56 1h48m

6438579 user1908 grp320 booster 2022-12-15 11:10 2022-12-1512:56  1h46m 14192 251921 068 40.70 125.90 0.02 68.15 10.84 17.65 147.38 50.48 1,406.43 001 068
6438623 user1908 grp320 booster  2022-12-15 11:20 2022-12-15 1256 1h35m 137.40 284828 076 e12 10154 ooz R 1359 4239 19877 5323 138902 (X% o7
6438639 user1908 grp320 booster 2022-12-15 11:27 2022-12-1512:56  1h29m 137.17 31.75 0.01 2627 25.14 0.02 69.76 10.13 19.86 158.41 5184 1,405.58 070
6438646 user1908 grp320 booster 2022-12-15 11:28 2022-12-1512:56 1h27m 13673 298827 0.80 759 103.18 0.02 70.96 9.88 23.41 18451 51.97 1,405.78 o
6438666 user1908 grp320 booster 2022-12-15 11:37 2022-12-1512:56  1h19m 137.51 3184 0.01 15.81 16.90 0.02 71.19 828 14.86 163.09 51.37 1,408.01 071
6438683 user1742 grp315  booster 2022-12-15 12:44 2022-12-15 1255 10m 128.08 6.13 0.02 0. 094 0.00 62.83 4427 998.20 0.12 gaivy)
6438722 user1049 grp235 develbooster 2022-12-15 11:50 2022-12-1512:56  1h05m 4634 456 0.00 38.19 115 8474 44865 1,088.58 0.02
6438728 user1770 grp218 booster 2022-12-15 11:53 2022-12-1512:56  1h02m 70.67 1751 0.00 1269 49.31 169.87 50.92 1,388.45 002 054
6438815 user1908 grp320 booster 2022-12-15 12:10 2022-12-15 12:56 46m 13301 497298 133 15.85 36.15 18234 52.72 1,398.02

6438842 user1041 grp242  booster 2022-12-15 12:30 2022-12-15 12:56 26m 22113 848285 320 36.95 5257 340.72 6484 1,358.63 2.49m
6438848 user1908 grp320 booster 2022-12-15 12:18 2022-12-15 12:56 38m 13526 6,021.99 1.61 13.12 29.90 175.26 52.38 137013 ] 0.77]
];638885 user1908 grp320 booster 2022-12-15 12:25 2022-12-15 12:56 31m 131.35 7,094.90 191 8.44 13.48 137.59 49.40 1,357.02 003 064
6438940 user1040 grp388  develbooster 2022-12-15 12:37 2022-12-15 12:42 5m 47.76 20.70 0.01 528 11.75 108.85 47.25 1,173.75

6438952 user1908 grp320 booster 2022-12-15 12:42 2022-12-15 12:56 14m 9946 8819.11 237 12.88 1721 130.73 49.93 1,387.50 068
6435040 user1014 grp213  booster 2022-12-14 16:12 2022-12-15 12:56 20h43m 8120 038 0.00 2141 10.03 11828 48.27 1,146.61 0.08 029
6435041 user1014 grp213  booster 2022-12-14 16:15 2022-12-15 12:56 20h41m 56.33 021 0.00 754 368 83.86 4551 717.62 0.50 QLR
6435299 user1014 grp213  booster 2022-12-14 22:49 2022-12-15 12:56 14h07m 81.63 038 0.00 20.82 8.18 109.81 47.58 1,178.83 [ 024
6438624 user1037 grp220 develbooster 2022-12-15 11:21 2022-12-1512:56  1h35m 55.78 249 0.00 36.35 2.08 79.36 4525 1,092.00 0.06 e
6438998 user1023 grp220 develbooster 2022-12-15 12:45 2022-12-15 12:56 1im 70.29 25.42 0.01 055 59.03 43.95 210.00 1.00 givy)
6439007 user1041 grp202 booster 2022-12-15 12:48 2022-12-15 12:56 8m 87.39 178.49 0.05 9.68 12.09 126.97 49.69 988.59 1.00 m
6439021 user1004 grp204 booster 2022-12-15 12:52 2022-12-15 12:56 4m 2385 1.16 0.00 209 17.00 260.73 59.25 1,410.00 0.66

— = m-~ Columns~ #entries:222/222 T &

— Usage & ajuik s g
. T B YN :
s
§ 5o g 3 g
L E S 2 H
H H §
& e
o o
12:00 12:30 12:00 12:30 12:00 12:30 12:00 12:30
Dec 15, 2022 Dec 15, 2022 Dec 15, 2022 Dec 15, 2022

CPU |m| IC FS_all FS_project FS_scratch FS_fastdata FS_home Job: 6438537
Last Database upda 2/15- 2 ook 5 since previous update) € Not J JUL'CH

HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fiir Hochleistungsrechnen | Dr. Christian lwainsky
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LLView: GPU stats

Node

GPU: StreamMP Clk

/70

1‘2188 R e i e e I i oa e R el i B G
N 1000 F

800 max

600 == avg

400 min

max: 1410.0 MHz

avg: 1343.8 MHz

min: 210.0 MHz

jwb0770_00
jwb0768 00
jwb0766_00
jwb0764_00 F
jwb0411-00 |
jwb0381-00 F
jwb0379_00 F
jwb0373_00 F
jwb0231_00
jwb0128_00 F
jwb0099_00 F
jwb0090_00
jwb0026_00
jwb0024 00 §
jwb0012_00 F
jwb0009 00 & :

11/11/21
06:00:00

11/11/21
07:00:00

11/11/21
05:00:00

11/11/21
03:00:00

11/11/21
04:00:00
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MHz

1400
1200
1000
800
600

400




70

Hessisches Kompetenzzentrum fir Hochleistungsrechnen
25.09.2025
- [ |
LLView: Job Usage
Average J Average
ob-Usage Overview
CPU Usage g GPU Usage
100 100

—e— CPU Usage )
2 < 80 80 <
- o —e— GPU Active SM =

on
g’ 60 | I 60 é
3 <
o 40f 40 D
&) o
o O
20} 20 2
L8

26/04/25 26/04/25 26/04/25 26/04/25 26/04/25
04:00:00 06:00:00 08:00:00 10:00:00 12:00:00
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LLView: Node list
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Node List
1 392 2 jwb0393 3 b0394 4 jwb0395 5 6 jwb0406
1 GPUO: 74.9% 12.6GIB 1333.0MHz 50.0C 5  GPUO: 86.4% 11.0GIB 1369.0MHz 49.5C 9 GPUO: 84.2% 11.0GIiB 1361.0MHz 49.4C 13 GPUO: 84.6% 11.0GIB 1361.0MHz 48.9C 17 GPUO: 87.5% 11.0GiB 1370.0MHz 50.1C 21 GPUO: 82.5% 11.0GiB 1354.0MHz 49.0C
2 U1: 76.2% 11.0GIB 1337.0MHz 49.9C 6  GPU1: 86.5% 11.1GIB 1370.0MHz 50.6C 10 GPU1: 86.0% 11.1GiB 1366.0MHz 48.7C 14 GPU1: 87.0% 11.1GIB 1368.0MHz 49.4C 18 GPU1: 87.9% 11.1GIB 1371.0MHz 52.6C 22 GPU1: 84.5% 11.1GIiB 1360.0MHz 49.9C
3 2: 73.7% 11.0GIB 1329.0MHz 50.8C 7 GPU2: 86.6% 11.0GIB 1370.0MHz 49.3C 11 GPU2: 85.6% 11.0GiB 1364.0MHz 50.4C 15  GPU2: 85.6% 11.0GIB 1364.0MHz 50.3C 19 GPU2: 87.5% 11.0GIB 1370.0MHz 50.0C 23 GPU2: 82.6% 11.0GIB 1354.0MHz 49.8C
4  GPU3: 76.1% 11.0GIB 1336.0MHz 52.5C 8  GPU3: 86.6% 11.0GIB 1370.0MHz 49.3C 12 GPU3: 84.6% 11.0GIB 1361.0MHz 48.7C 16 GPU3: 86.1% 11.0GIB 1366.0MHz 49.5C 20  GPUS3: 87.8% 11.0GIB 1370.0MHz 49.4C 24  GPU3: 83.7% 11.0GIB 1358.0MHz 48.7C
Interconnect group: 6 Interconnect group: 6 Interconnect group: 6 Interconnect group: 6 Interconnect group: 6 Interconnect group: 6
7 7 8 jwb0412 9 jwb0418 10 jwb0442 1 jwb0516 12 jwb0518
25 GPUO: 86.8% 11.0GiB 1368.0MHz 50.8C 29 GPUO: 88.9% 11.0GiB 1374.0MHz 52.5C 33 GPUO: 55.6% 11.0GIB 1279.0MHz 48.8C 37  GPUO: 89.2% 11.0GIB 1375.0MHz 49.3C 41 GPUO0: 69.1% 11.1GIB 1318.0MHz 50.2C 45 GPUO0: 82.6% 11.1GiB 1358.0MHz 50.9C
26 GPU1:86.5% 11.1GiB 1367.0MHz 50.7C 30  GPU1:89.3% 11.1GiB 1375.0MHz 52.5C 34 GPU1:64.6% 11.1GIB 1304.0MHz 49.5C 38 GPU1: 90.0% 11.1GIB 1378.0MHz 51.1C 42 GPU1: 73.1% 11.1GIB 1329.0MHz 49.9C 46 GPU1: 82.0% 11.1GIB 1357.0MHz 50.2C
27 GPU2: 86.2% 11.0GiB 1366.0MHz 49.9C 31 GPU2:88.8% 11.0GIB 1375.0MHz 53.2C 35 GPU2: 61.6% 11.0GIB 1296.0MHz 49.0C 39  GPU2: 88.8% 11.0GIB 1374.0MHz 50.5C 43 GPU2: 70.9% 11.1GIB 1322.0MHz 50.2C 47 GPU2: 83.6% 11.1GIiB 1361.0MHz 51.0C
28 GPU3: 86.8% 11.0GiB 1368.0MHz 49.2C 32 GPU3: 88.3% 11.0GIB 1374.0MHz 51.5C 36 GPU3: 62.4% 11.0GIB 1299.0MHz 48 4C 40 GPU3: 90.0% 11.0GIB 1378.0MHz 50.2C 44 GPUS3: 72.8% 11.0GIB 1327.0MHz 50.0C 48 GPU3: 83.0% 11.0GiB 1360.0MHz 50.7C
Interconnect group: 6 Interconnect group: 6 Interconnect group nterconnect group Interconnect group: 8 Interconnect group: 8
13 jwb0546 14 jwb0547 15 jwb0575 16 jwb0585 17 jwb0586 18 jwb0587
49  GPUO: 87.6% 11.0GIB 1373.0MHz 49.9C 53 GPUO: 87.8% 11.0GIB 1371.0MHz 50.7C 57 GPUO: 85.5% 11.0GIB 1364.0MHz 49.4C 61 GPUO: 84.6% 11.0GIB 1361.0MHz 49.3C 65 GPUO: 48.0% 11.0GIB 1250.0MHz 48.6C 69 GPUO: 90.9% 11.0GIB 1382.0MHz 50.3C
50 GPU1:882% 11.1GIiB 1374.0MHz 49.7C 54 GPU1:87.2% 11.1GIB 1372.0MHz 49.9C 58 GPU1: 86.9% 11.1GIB 1369.0MHz 49.8C 62 GPU1: 86.5% 11.1GIB 1367.0MHz 50.0C 66  GPU1: 52.6% 11.1GIB 1264.0MHz 48 8C 70 GPU1:89.8% 11.1GIiB 1377.0MHz 49.0C
51  GPU2: 88.2% 11.0GiB 1373.0MHz 50.5C 55 GPU2: 87.2% 11.0GIB 1371.0MHz 50.4C 59 GPU2: 86.9% 11.0GIB 1369.0MHz 49.8C 63  GPU2: 86.2% 11.0GIB 1367.0MHz 49.9C 67 GPU2: 57.1% 11.0GIB 1277.0MHz 49.4C 71 GPU2: 89.6% 11.0GIB 1377.0MHz 51.9C
52 GPU3: 88.5% 11.0GIB 1375.0MHz 49.3C 56 GPU3: 87.8% 11.0GiB 1372.0MHz 49.9C 60 GPU3: 88.5% 11.0GIB 1374.0MHz 50.1C 64 GPUS3: 86.6% 11.0GIB 1368.0MHz 48.8C 68 GPU3: 54.5% 11.0GIB 1270.0MHz 48.0C 72 GPUS3: 90.3% 11.0GIB 1379.0MHz 49.7C
Interconnect group: 9 Interconnect group: 9 Interconnect group: 9 Interconnect group: 9 Interconnect group: 9 Interconnect group: 9
19 jwb0597 20 jwb0598 21 jwb0599 22 jwb0600 23 jwb0601 24 jwb0617
73 GPUO: 88.3% 11.0GIiB 1371.0MHz 49.8C 77 GPUO: 82.4% 11.0GiB 1355.0MHz 50.1C 81  GPUO: 84.8% 11.0GIB 1360.0MHz 49.6C 85 GPUO: 89.5% 11.0GIiB 1377.0MHz 49.5C 89 GPUO0: 85.6% 11.0GIB 1366.0MHz 49.9C 93 GPUO: 89.6% 11.0GiB 1378.0MHz 50.6C
74  GPU1:87.1% 11.1GiB 1369.0MHz 49.4C 78  GPU1: 82.5% 11.1GIiB 1356.0MHz 49.4C 82 GPU1: 84.6% 11.1GIB 1363.0MHz 50.2C 86 GPU1: 80.0% 11.1GIiB 1381.0MHz 49.8C 90 GPU1: 85.8% 11.1GIB 1367.0MHz 49.6C 94 GPU1: 89.4% 11.1GiB 1377.0MHz 50.0C
75 GPU2: 87.8% 11.0GiB 1371.0MHz 48.6C 79  GPU2: 82.6% 11.0GiB 1357.0MHz 49.7C 83  GPU2: 84.7% 11.0GIB 1363.0MHz 50.1C 87 GPU2: 89.1% 11.0GIiB 1378.0MHz 50.7C 91 GPU2: 85.4% 11.0GIB 1366.0MHz 49.5C 95 GPU2: 89.6% 11.0GiB 1377.0MHz 50.3C
76 GPU3: 87.9% 11.0GIiB 1372.0MHz 49.8C 80 GPU3: 83.2% 11.0GIB 1357.0MHz 49.4C 84 GPU3: 85.9% 11.0GIB 1367.0MHz 49.0C 88  GPU3: 89.1% 11.0GIiB 1378.0MHz 50.4C 92 GPUS3: 85.9% 11.0GIB 1367.0MHz 49.7C 96 GPUS3: 89.5% 11.0GIB 1377.0MHz 49.7C
Interconnect group: 9 Interconnect group: 9 Interconnect group: 9 Interconnect group: 9 Interconnect group: 9 Interconnect group: 10
25 jwb0620 26 jwb0632 27 jwb0633 28 jwb0636 29 jwb0640 30 jwb0770
97  GPUO: 89.9% 11.0GIB 1318.0MHz 49.5C 101 GPUO: 87.3% 11.0GIB 1370.0MHz 50.5C 105 GPUO: 87.7% 11.0GIB 1371.0MHz 49.8C 109 GPUO: 87.2% 11.0GIB 1370.0MHz 50.6C 113 GPUO: 84.7% 11.0GIB 1364.0MHz 49.4C 117 GPUO: 93.2% 11.0GIB 1389.0MHz 50.1C
98 GPU1: 75.7% 11.1GIB 1335.0MHz 49.9C 102 GPU1: 87.6% 11.1GiB 1371.0MHz 50.1C 106 GPU1: 88.4% 11.1GIB 1373.0MHz 49.7C 110 GPU1: 88.7% 11.1GIB 1377.0MHz 49.5C 14 GPU1: 85.6% 11.1GIB 1366.0MHz 49.6C 118 GPU1: 93.2% 11.1GIB 1389.0MHz 50.3C
99 GPU2: 74.3% 11.0GIB 1331.0MHz 49.0C 103 GPU2: 88.1% 11.0GIB 1372.0MHz 52.1C 107 GPU2: 88.8% 11.0GIB 1374 0MHz 49.3C 111 GPU2: 88.8% 11.0GIB 1376.0MHz 51.1C 115 GPU2: 84.9% 11.0GIB 1365.0MHz 48.7C 119 GPU2: 93.1% 11.0GIB 1390.0MHz 50.8C
100 GPU3: 71.7% 11.0GIB 1323.0MHz 49.6C 104 GPU3: 88.4% 11.0GIB 1373.0MHz 49.6C 108 GPU3: 88.2% 11.0GiB 1373.0MHz 49.9C 112 GPU3: 88.3% 11.0GIB 1374.0MHz 49.9C 116 GPU3: 85.9% 11.0GIB 1367.0MHz 49.5C 120 GPU3: 94.1% 11.0GIB 1394.0MHz 51.4C
Interconnect group: 10 Interconnect group: 10 Interconnect group: 10 Interconnect group: 10 Interconnect group: 10 Interconnect group: 12
31 jwb0791 32 jwb0793 33 jwb0795 34 jwb0939 35 jwb0949 36 jwb0950
121 GPUO: 92.7% 11.0GIB 1386.0MHz 48.9C 125 GPUO: 91.8% 11.0GIB 1385.0MHz 49.6C 129 GPUO: 92.9% 11.0GIiB 1387.0MHz 50.2C 133  GPUO: 93.2% 11.0GIiB 1389.0MHz 49.8C 137 GPUO: 92.4% 11.0GIB 1385.0MHz 49.7C 141 GPUO: 92.7% 11.0GIB 1386.0MHz 49.9C
122 GPU1: 92.8% 11.1GIB 1386.0MHz 50.0C 126 GPU1:92.6% 11.1GIiB 1388.0MHz 48.9C 130 GPU1:93.4% 11.1GiB 1389.0MHz 50.1C 134  GPU1:93.6% 11.1GiB 1390.0MHz 50.1C 138 GPU1: 93.0% 11.1GiB 1387.0MHz 49.8C 142 GPU1: 93.1% 11.1GIB 1387.0MHz 49.9C
123 GPU2: 93.0% 11.0GIB 1387.0MHz 49.7C 127 GPU2: 92.5% 11.0GIB 1388.0MHz 49.3C 131 GPU2: 93.6% 11.0GiB 1391.0MHz 50.0C 135 GPU2: 93.8% 11.0GIB 1391.0MHz 49.8C 139 GPU2: 92.3% 11.0GIB 1385.0MHz 49.6C 143 GPU2: 93.4% 11.0GIB 1388.0MHz 50.0C
124 GPUS3: 93.2% 11.0GIB 1387.0MHz 49.6C 128 GPU3: 92.9% 11.0GIB 1389.0MHz 49.1C 132 GPU3: 93.4% 11.0GIB 1390.0MHz 48.9C 136 GPU3: 94.0% 11.0GIB 1393.0MHz 52.0C 140 GPUS: 92.4% 11.0GIB 1385.0MHz 49.0C 144  GPUS: 94.0% 11.0GIB 1390.0MHz 49.4C
Interconnect group: 12 Interconnect group: 12 Interconnect group: 12 iterconnect group: 1¢ iterconnect group: 1 nterconnect grouy
37 jwb0952 38 jwb1080 39 jwb1081 40 jwb1083 41 jwb1084 42 jwb1085
145 GPUO: 92.7% 11.0GiB 1387.0MHz 50.1C 149  GPUO: 93.0% 11.0GiB 1388.0MHz 49.1C 153 GPUO: 92.3% 11.0GIB 1385.0MHz 51.4C 157 GPUO: 93.8% 11.0GiB 1389.0MHz 48.7C 161  GPUO: 92.4% 11.0GiB 1384.0MHz 50.2C 165 GPUO: 92.9% 11.0GIB 1387.0MHz 49.0C
146 GPU1: 92.6% 11.1GiB 1388.0MHz 48.8C 150 GPU1: 93.0% 11.1GiB 1389.0MHz 49.6C 154 GPU1:92.1% 11.1GiB 1386.0MHz 50.1C 158  GPU1: 93.4% 11.0GiB 1388.0MHz 48.6C 162 GPU1: 93.6% 11.1GiB 1391.0MHz 50.8C 166 GPU1: 93.1% 11.1GiB 1387.0MHz 50.1C
147 GPU2: 93.7% 11.0GiB 1391.0MHz 49.7C 151 GPU2: 93.3% 11.0GiB 1390.0MHz 49.2C 165 GPU2: 92.5% 11.0GIB 1387.0MHz 51.0C 159  GPU2: 93.6% 11.0GiB 1389.0MHz 50.7C 163  GPU2: 93.2% 11.0GiB 1390.0MHz 51.2C 167 GPU2: 93.3% 11.0GiB 1388.0MHz 50.0C
148 GPU3: 93.4% 11.0GIB 1390.0MHz 50.2C 152 GPU3: 93.2% 11.0GIB 1390.0MHz 49.4C 156 GPU3: 93.5% 11.0GIB 1391.0MHz 50.1C 160 GPU3: 94.0% 11.0GIiB 1389.0MHz 49.8C 164 GPU3: 92.5% 11.0GIB 1387.0MHz 50.4C 168 GPU3: 93.3% 11.0GiB 1388.0MHz 49.2C
nt oup: 15 Interconnect group: 17 Interconnect group: 17 Interconnect group: 17 Interconnect group: 17 Interconnect group: 17
43 jwb1086 44 jwb1088 45 jwb1160 46 jwb1181 47 jwb1182 48 jwb1184
169 GPUO: 93.4% 11.0GIB 1387.0MHz 49.4C 173 GPUO: 93.2% 11.0GIB 1389.0MHz 50.7C 177 GPUO: 93.3% 11.0GIB 1389.0MHz 50.1C 181  GPUO: 92.7% 11.0GIB 1386.0MHz 50.4C 185 GPUO: 93.5% 11.0GIB 1388.0MHz 49.8C 189  GPUO: 92.4% 11.0GIB 1385.0MHz 50.8C
170 GPU1: 92.7% 11.1GIB 1388.0MHz 49.7C 174 GPU1: 92.2% 11.1GIB 1387.0MHz 48.7C 178  GPU1: 94.5% 11.1GIB 1393.0MHz 51.3C 182  GPU1:93.0% 11.1GIB 1387.0MHz 50.8C 188 GPU1: 93.7% 11.1GiB 1389.0MHz 50.0C 190 GPU1: 92.9% 11.0GIB 1386.0MHz 50.9C
171 GPU2: 93.6% 11.0GIB 1391.0MHz 50.4C 175 GPU2: 92.2% 11.1GIB 1388.0MHz 50.1C 179  GPU2: 94.5% 11.0GiB 1392.0MHz 50.1C 183 GPU2: 93.2% 11.0GIB 1387.0MHz 50.0C 187 GPU2: 93.0% 11.0GIB 1387.0MHz 49.4C 191 GPU2: 92.8% 11.0GIB 1386.0MHz 50.1C
172 GPUS3: 93.1% 11.0GIB 1389.0MHz 49.5C 176 GPU3: 92.9% 11.0GiB 1391.0MHz 48.8C 180 GPU3: 94.1% 11.0GiB 1392.0MHz 50.3C 184 GPU3: 93.1% 11.0GiB 1387.0MHz 49.6C 188 GPUS3: 93.2% 11.0GIB 1388.0MHz 49.3C 192 GPU3: 92.8% 11.0GIB 1386.0MHz 52.4C
Interconnect group: 17 Interconnect group: 17 | € 1 € ' [ g )
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Other tools?
= | LView by Julich Research Center
https://github.com/FZJ-JSC/LLview

= Sophisticated system level breakdown
- Not for shared nodes
- No hardware performance counters

= Different choices available, pick your solution
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¢

Patho-Jobs

= Goal:
= Automated rule-based detection system

= Detection of pathological HPC jobs
- jobs with previously encountered inefficiencies

= Target audience: cluster operators and users

Collaboration with:

N\

Paderborn Center for
Parallel Computing

NHR( JFAU

ze)

~

J

() https://git-ce.rwth-aachen.de/pathojobs/
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Automated Outbound
Data Sources Storage : :
Analysis Action
/CI(':J::ﬁrpiz D Rule: Low GPU utilization (" A
Rule: Load Imbalance : .
. Tom '
-EE:EE- Job Rule: Low CPU Load prrmm— [ -
SI rm Archive \ ¢ Action Template 1 \ y
worklnad manager Rul e ] H PC
user
Engine

 Cluster Cockpit generates a job-archive for each job;
« alternative sources experimented with, but not ready to use

« Rule-Engine applies anti-pattern and triggers appropriate response for each job
« Detected anti-patterns trigger action templates (Email or job-archive tags)
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PathoJobs: Prototype antipatterns

= | ow CPU load

» | oad-Imbalance

= Job Payload Overhead

= Excessive CPU load

= Problematic memory usage

= Uncoordinated multi-process GPU-usage
= Low GPU utilization

= Unnecessary job distribution

= Unnecessary PFS read
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Patho-Jobs: Low-Load Pattern
{

"name":"Low CPU load", External configurable thrshold
"tag":lll()WIOad", /
"parameters": ["threshold factor"],

— Which datapoints to pull from job-archive

Tag for use in ClusterCockpit

"metrics": ["cpu_load, job"], <
"terms":|
{"load _mean": "cpu_load.mean('all")"},
{"load threshold":"job.numHwthreads * threshold factor"},
{ "lowload_nodes": "load_mean < load_threshold"},
{ "lowload": "lowload nodes.any('all')"},
{"load_perc": "1.0- (load_mean /load_threshold)"}],
"output":"lowload",
"output_scalar":"load_perc",
"template":"Job ({{job.jobld}}) was detected as the mean cpu _
load {{load _mean}} falls below {{load threshold}}." " Pattern output, variables can be used

| Variables initialized with in sequence
evaluation of terms

}
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Classic CusterCockpit:

likwid opt. sends
cpustat data DATABASE
memstat ' Metric-Collector e data
: sends data to : reads data from
» Metric-Store
ib-stat URL:8082 URL:8082
SLURM custqm batgh sends data to R
coupling-script URL:8082
: , ,backend”
Job-Archlve - V\-/rlte/readﬂ 1ka
Files filesystem e
write/read
opt. database . /
filesystem

- connects to webinterface
User >
URL:8080
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Patho-Jobs extension:

likwid opt. sends

cpustat data DATABASE

memstat | Metric-Collector e data

: sends data to : reads data from
» Metric-Store <«

ib-stat URL:8082 URL:8082

coupling-script URL:8082
e ite/read ,backend”
- write/rea
Patho-Jobs e F'Irc IVE | T o — aka
S esyste ClusterCockpit
write/read
opt. database . /
filesystem

- connects to webinterface
User >
URL:8080
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« Deployment:

— The “PathoJobs” system is deployed by partners on production HPC systems.
— Each processes job-archives from hundred-thousands to millions of jobs per month.
— Current performance anti-patterns are evaluated for all HPC jobs.

 First Experience & Insights: Location | Jobs/ | Jobs with

— Rule evaluation does not exhibit month | issues

noticeable extra-load on the

Cluster Cockpit hosts TU ~ 250k | 598 / 1000
— Number of jobs with detected | Parmstadt

inefficiencies exceeds acceptable

rates Paderborn ' ~ 190k 180 /1000
— System is able to detect explicitly

malformed test-jobs FAU ~ 255k | 326 /1000

% HRZ TU Darmstadt — Wissenschaftliches Servicezentrum fir Hochleistungsrechnen | Dr. Christian Iwainsky

Rules with highest hit-
rate

Low CPU load
Load-imbalance

Low CPU load
CPU oversubscription

Low CPU load
Low resource utilization

Analysis
cost

230 ms /
job

560 ms /
job
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Experience ...

= Software can be directly deployed from binaries:
= Did not attempt to compile on HPC system
= 3 types of services:
- metric-collector per compute node,
- at least one metric store
- backend/UI service
= Basic setup:
= cluster configuration: specification of the cluster for the backend; tools help

= metric collector: select which metrics are of interest, challenging
- managing CPU registers, trade-off available metric sources, manage access priviliges

= metric store: holds metrics; must match with metric collector and backend;
assertaining peak capacity is not trivial
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Why is that DevOps?

Observability €8 Job-level monitoring with ClusterCockpit and hardware counters
Automation PathoJobs automatically detects inefficient jobs using rule engines
Feedback Loops (2] Tagged jobs, performance summaries, and user-facing metrics
Scalability +~] Designed for 10,000+ jobs/day with minimal overhead
Collaboration 8¢ Shared infrastructure for admins, users, and support staff

Open Tooling $2 Open-source, API-driven, SLURM-integrated - DevOps-ready
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Key Takeaways — Boosting HPC with Job-Specific Monitoring

« HPC systems require more than just system monitoring
— Insightful resource usage must happen at the job level, not just the node.

- Instrumentation is powerful, but doesn't scale
— We need lightweight, non-invasive observability for real-world workloads.

« ClusterCockpit enables scalable job-aware monitoring
— Tied to users, jobs, and projects — not just hosts and hardware.

- Patholobs adds automation and rule-based diagnosis
— Proactive detection of inefficiencies from 10,000+ jobs/day.

« HPC DevOps is not just CI/CD — it's feedback, insight, and collaboration
— Observability and automation must become part of everyday HPC operations.
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Where are things going ...

Adaptive measurements

— InstRO, CAPI, XRAY

« All applications come pre-tooled for
performance analysis, but inactive

« When more data is required, it detailed
measurements are seamless activated

Program tooling

— CALIPER style integration
 Application reports what it is doing

Performance regressions tests

 Integrate ,self reflection™ into programs
and communicate results to external
viewers

« Keyword: Performance assertions/active
program documentation

» Extend PathoJobs approch

Program

Tooling

.
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Key Takeaways — Boosting HPC with Job-Specific Monitoring

« HPC systems require more than just system monitoring

- Instrumentation is powerful, but doesn't scale

« ClusterCockpit enables scalable job-aware monitoring

- PathoJobs adds automation and rule-based diagnosis

« HPC DevOps is not just CI/CD — it's feedback, insight, and collaboration

7
Questions?
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Individual configuration files:

Metric-Collector - \
sends data to Metric-Store reads data from
URL:8082 URL:8082
‘ ’ om ba sends data to 1
Entities with oupling o URL:8082

individual
,backend”

configuration Files . : .
write/read write/read
Patho-Jobs i /t > JOb?:Chlve — /t — — aka
lesystem LES esyste ClusterCockpit

- connects to webinterface
User >
URL:8080
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Metric Collector
= Collector config:

"sinks": "sinks-http.json”,
"collectors” : "collectors-CLX.json",
"receivers” : "receivers.json",

"router”" : "router.json",
"interval": "60s",

"duration": "1s" Example

= Collectors:

Example
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Metric-Store
= Metric-Store config:

"metrics": {
"clock": {"frequency": 60, "aggregation": "avg"},
"cpu_user": {"frequency": 60, "aggregation": "avg"},
"acc_utilization":{"frequency": 60, "aggregation": "avg"},
"acc_mem_used": {"frequency": 60, "aggregation": "sum"},
"mem_used": {"frequency": 60, "aggregation": null }

}s
"checkpoints": {
"interval”: "12h","directory": "/work/home/hrzcc/var/metric-store/checkpoints"”,
"restore": "168h"
}s
"archive": {
"interval": "168h",
"directory”: "/work/home/hrzcc/var/metric-store/archive”
}s
"http-api": {
"address": "0.0.0.0:8082",
"https-cert-file": null,
"https-key-file": null
}s

"retention-in-memory": "168h",

"nats": null,
"jwt-public-key":"use-your-own-key" xa m p e
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B k d Cluster-config

"name": "Lichtenberg2",

2+ Config-files: I

"subClusters™: |

= (Cluster-configurations:
. Helper: ’ Backend-config

generate-subcluster.pl E Xam p I e

"archive":

149

b
"db":" /work/home/hrzcc/var/backend/job.db",
~Jwts™e

"https-cert-file":
"https-key-file": "

= Backend-configuration: s

5
"clusters": [
"name": "Lichtenberg2",

"metricDataRepository”:

"kind": "cc-metric-s

"url”: "http

"token": "use-your-own-jwt-token"
}s
"filterRanges": {

}

"name": "Lichtenberg2-Login",
"metricDataRepository™: {

b
"filten

- Example
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