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Context: Who We Are

Mission

It is the mission of GWDG to support and
enable science – now and in future – by
applying appropriate technologies,
developing innovative solutions, and
providing reliable services.

We plan, implement and operate IT
infrastructures together with and for our
customers.

Central responsibilities

Modern and secure IT infrastructure

IT support for excellent research

In-house research for innovative IT
services

Supra-regional tasks

National HPC provider in NHR alliance

National HPC Center of the DLR

IT competence center for MPG

AI service center for sensitive and
critical infrastructures

Part of EU AI factory HammerHAI

Data center in four NFDI consortia

Host for DARIAH-EU, German National
Library, GFBio ...

Cloud provider for universities in Lower
Saxony
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HPC Based Inference Service: Design Goals

No direct access to compute nodes

Continuously run and manage service instances on Slurm

Auto-scaling and service discovery

Reliability and health checks

User-based monitoring and accounting

Compliance with data protection (GDPR) and security (ISO) regulations

Open and easy to integrate
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HPC Based Inference Service: Implementation
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HPC based Inference Service: Resources

Instances for ChatAI scale automatically based on request volume

- Starting a model can take up to 10 minutes
- An active instance is required for acceptable response times

12 servers with 4 H100 GPUs each available

- Plus 9 at LUIS@Hannover for geo-redundancy

70B LLMs require 4 NVIDIA H100 GPUs each

- With reduced precision (quantization): 2

Web interfaces run in on-premise cloud

5 employees handle development, operation, and support
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HPC Based Inference Service: Performance

Throughput results for a regular user request:

Component/Operation Throughput (RPS)
Chat AI Web Interface 1 300 − 1 800
SSH to HPC Login node (single connection) 400
SSH to HPC Login node (multiplexed) 1 000+
Sentence from Intel Neural 7B LLM 27
Sentence from Meta Llama 3 70B LLM 2
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HPC Based Inference Service: Usage
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Ceph for HPC?

Common opinion:

Are you insane?

Ceph is slow, complex, unreliable,. . .

Only TCP connections

On closer look:

Ceph is reliable standard in cloud environments

Some institutes use it successfully in HPC (e.g. CERN, IZUM)

Ceph allows complete hardware vendor independence

Hardware migrations in live operation, without user interaction

Recent performance improvements show respectable performance
(work from Clyso and Croit)

With enough CPU cores and memory 75-80% network saturation

Enough MDS containers achieves very good metadata performance scaling
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Ceph IO500 Performance HDD System

CLYSO Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 Test 9 Test 10 Test 11 Test 12 Test 13 Test 14 Test 15 Test 16
Client Nodes 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

MPI Ranks 256 256 256 256 256 256 256 256 256 256 256 512 256 256 256 256

Active MDSes 4 4 4 4 8 9 17 17 17 17 33 33 33 33 33 33

Standby MDSes 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Replication 3 3 3 3 3 3 3 3 3 3 3 3 EC83 EC83 EC83 3X

mdtest-easy Pinning Strategy N-1 RR N-1 RR N-1 RR RR RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR

Meta PGs 128 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048 2048

Data PGs 512 8192 8192 8192 8192 8192 8192 8192 8192 16384 16384 16384 2048 16384 16384 16384

debug_mds 10 10 default (1) default (1) default (1) default (1) default (1) default (1) default (1) default (1) default (1) default (1) default (1) default (1) default (1) default (1)

mds_bal_interval default (10) default (10) default (10) default (10) default (10) default (10) default (10) 0 5 5 5 5 5 5 5 5

CPU Turbo Off Off Off Off Off Off Off Off Off Off Off Off Off Off On On

Result Directory 2024.09.04-15.20.30 2024.09.04-19.00.44 2024.09.04-20.36.47 2024.09.05-02.42.12 2024.09.05-04.28.04 2024.09.05-05.45.36 2024.09.05-06.56.02 2024.09.05-06.56.02 2024.09.05-13.12.33 2024.09.05-15.32.15 2024.09.05-16.58.45 2024.09.05-17.59.48 2024.09.09-21.04.57 2024.09.10-00.13.03 2024.09.17-21.41.20 2024.09.17-22.57.05

ior-easy-write (GiB/s) 21.02 23.98 24.13 23.99 24.04 24.04 23.95 24.17 24.10 24.22 24.07 24.07 23.00 23.14 22.31 23.75

mdtest-easy-write (kIOPS) 3.05 2.98 17.36 21.15 32.21 43.16 82.34 79.56 83.07 80.42 156.05 157.90 178.24 173.06 191.39 266.39

timestamp (kIOPS) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ior-hard-write (GiB/s) 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.03 0.03 0.03 0.04

mdtest-hard-write (kIOPS) 2.20 2.14 11.69 9.59 7.89 13.80 7.85 3.69 7.34 7.43 8.15 8.05 10.67 6.74 12.62 12.94

find (kIOPS) 15.89 26.60 117.33 340.63 571.43 340.62 677.20 656.19 583.13 563.73 1365.82 1191.74 1079.99 936.47 1133.54 1546.63

ior-easy-read (GiB/s) 24.26 49.69 47.63 44.40 40.78 40.40 42.24 38.99 43.67 46.46 44.44 38.23 42.82 43.93 49.65 52.98

mdtest-easy-stat (kIOPS) 11.09 11.23 82.86 113.32 132.33 152.96 169.01 207.66 183.78 187.21 195.60 168.91 164.66 177.71 221.15 207.93

ior-hard-read (GiB/s) 0.30 0.20 0.22 0.23 0.24 0.23 0.23 0.23 0.24 0.21 0.23 0.23 0.25 0.20 0.22 0.19

mdtest-hard-stat (kIOPS) 7.29 7.44 36.79 45.01 55.68 74.20 47.01 40.63 43.24 43.69 103.13 51.68 68.12 52.30 100.58 116.40

mdtest-easy-delete (kIOPS) 1.83 1.80 11.16 12.16 12.92 26.66 45.62 43.99 46.17 44.76 67.06 67.13 85.84 91.90 104.92 124.67

mdtest-hard-read (kIOPS) 2.81 2.60 14.09 13.84 25.22 13.74 29.56 6.62 37.85 37.15 61.51 49.43 38.12 51.98 65.75 59.55

mdtest-hard-delete (kIOPS) 0.87 0.91 7.90 5.32 7.73 5.79 7.40 3.93 8.85 7.79 5.04 4.35 6.79 7.46 11.40 10.56

SCORE 2.46 2.65 6.42 7.01 7.93 8.12 9.35 7.79 9.51 9.13 11.23 10.09 10.41 10.06 12.44 13.28
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Ceph IO500 Performance SDD System

CLYSO Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 Test 8 (rep 1) Test 8 (rep 2) Test 9 Test 10 Test 11 Test 12 Test 13
OSDs 160 160 160 160 160 160 160 160 160 160 160 159 159 159 159

Client Nodes 14 14 14 20 20 18 18 18 18 18 18 18 18 18 18

MPI Ranks 336 14 224 (wrong pin) 260 540 270 270 270 270 270 270 270 270 270 270

Active MDSes 14 14 14 14 28 28 28 28 28 28 28 28 28 28 28

Standby MDSes 2 2 2 2 4 4 4 4 4 4 4 4 4 4 4

Replication 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

mdtest-easy Pinning Strategy N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR N-1 RR

ior-hard Pinning Strategy none none none none none none rank 0 rank 0 rank 0 rank 0 rank 0 rank 0 rank 0 rank 0 rank 0

Meta PGs 512 512 512 512 512 512 512 512 512 512 512 512 512 512 512

Data PGs 4096 4096 4096 4096 4096 4096 4096 4096 4096 4096 4096 4096 4096 4096 4096

debug_mds 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

mds_bal_interval default (10) default (10) default (10) default (10) default (10) default (10) default (10) default (10) default (10) default (10) default (10) default (10) 4 4 default (10)

mds_bal_sample_interval default (3) default (3) default (3) default (3) default (3) default (3) default (3) default (3) default (3) default (3) default (3) default (3) 2 2 default (3)

mds_bal_replicate_threshold default (8000) default (8000) default (8000) default (8000) default (8000) default (8000) default (8000) default (8000) default (8000) default (8000) default (8000) default (8000) default (8000) 16000 default (8000)

mds_log_max_segments default(128) default(128) default(128) default(128) default(128) default(128) default(128) default(128) default(128) default(128) default(128) default(128) default(128) default(128) 512

CPU Hyperthreading Off Off Off Off Off Off Off On On On On On On On On

mds_cache_memory_limit 4GB4GB (partially 64GB) 64GB 64GB 64GB 64GB 64GB 64GB 64GB 64GB 64GB 64GB 64GB 64GB 64GB

client pagecache on on on on on on on on on on Off Off Off Off Off

client caps_wanted_delay_* default (5/60) default (5/60) default (5/60) default (5/60) default (5/60) default (5/60) default (5/60) default (5/60) default (5/60) default (5/60) default (5/60) 1/1 1/1 1/1 1/1

Result Directory 2024.09.20-03.54.13 2024.09.20-05.43.23 2024.09.20-12.43.51 2024.09.20-19.51.06 2024.09.20-21.00.45 2024.09.24-18.07.38 2024.09.24-19.25.10 2024.09.24-20.56.57 2024.09.25-00.17.03 2024.09.25-01.47.00 2024.09.25-03.02.09 2024.09.25-04.09.50 2024.09.25-05.14.25

ior-easy-write (GiB/s) 17.31 16.47 17.32 17.57 16.52 17.41 17.14 23.53 23.64 23.63 24.57 23.80 24.78 23.84 23.74

mdtest-easy-write (kIOPS) 76.56 43.00 54.99 87.96 156.89 160.99 162.58 173.17 169.30 166.95 164.21 162.92 167.81 167.30 169.20

timestamp (kIOPS) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ior-hard-write (GiB/s) 0.51 0.40 0.46 0.77 0.30 0.30 0.34 0.53 0.55 0.55 0.56 0.72 0.72 0.72 0.71

mdtest-hard-write (kIOPS) 14.42 17.21 15.26 20.02 12.06 15.29 15.94 16.31 17.78 16.33 21.11 16.43 25.08 20.55 20.92

find (kIOPS) 211.10 113.53 625.14 370.33Fail (too many open files) 1161.23 1141.51 579.37 858.43 553.85 978.32 710.62 464.27 718.91 761.93

ior-easy-read (GiB/s) 68.44 19.28 66.37 68.00 71.03 78.96 70.99 80.04 71.94 78.51 78.09 78.04 77.91 78.25

mdtest-easy-stat (kIOPS) very slow, canceled 9.85 123.57 117.78 127.21 125.45 114.88 114.29 110.62 118.46 113.24 112.84 118.00 110.38

ior-hard-read (GiB/s) 0.56 2.82 3.42 3.42 3.50 3.36 3.44 3.38 18.60 17.75 15.03 18.17 14.85

mdtest-hard-stat (kIOPS) 26.22 87.22 82.98 78.57 81.08 69.36 94.38 55.14 108.64 67.39 118.57 93.85 95.58

mdtest-easy-delete (kIOPS) 28.32 15.75 43.64 90.57 89.41 78.57 73.69 74.05 73.43 95.01 72.53 76.49 68.69

mdtest-hard-read (kIOPS) 20.21 15.68 56.81 41.27 53.55 8.29 75.81 6.07 76.75 39.13 27.63 28.34 23.65

mdtest-hard-delete (kIOPS) 3.44 4.70 6.21 21.98 24.51 7.58 12.56 5.90 13.11 15.14 13.82 12.58 11.65

SCORE 7.88 15.76 20.48 22.29 23.56 19.83 25.13 18.80 32.17 30.11 29.45 30.03 28.67
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CephFS impressions

Performance way better than expected

For HDD system comparable to our Lustre

Metadata servers comparable to Lustre <2.10
(high single core performance needed)

Best metadata performance with Lustre DNE 1 like distribution

Automatic sharding can speed up very large directories
→ dynamic process causes high performance variation at beginning

Option to change storage layout per directory can help for small file workloads
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Quantum Computing Simulators as a Service

HPC Backend

Containers and Modules

JupyterHub frontend

Documentation, Slurm
examples ...

Simulator Trainings
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Is classical Simulation of QC Useful?

NISQ era

- Verification of real device results
- Understanding noise influence through modeling
- (Limited availability of real devices)

Beyond NISQ

- Inspecting intermediate state for debugging...
- ... and teaching.
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Benchmarking Hardware

Job type CPU CPU with GPU accelerator

HPC system Emmy Grete
CPUs 2 Intel Cascadelake 9242 2 AMD Zen3 EPYC 7513
CPU cores 96 64
RAM 384 GB 512 GB
GPUs 4 Nvidia Tesla A100 40GB

Table: Hardware specifications for single node jobs
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Benchmarking Results
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Benchmarking Results GPUs
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Benchmarking Results Best CPU vs GPU
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Benchmark Findings

GPU cost-effective

- GPU cost is 7× that of CPU.
- GPU computation speed is > 10× that of CPU.

GPU execution speed varies minimally.

CPU execution speed varies strongly
→ possibly due to inefficient shared-memory parallelisation.
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