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LUMI

HPE Cray EX Supercomputer

LUMI-C (CPU) nodes consisting of 2048 servers with:

e 2x64-core AMD EPYC “Milan” CPU
 Between 256 GB and 1024 GB RAM
e HPE Slingshot-11 interconnect

LUMI-G (GPU) nodes consisting of 2978 servers with:

* 64-core AMD EPYC "Trento” CPU, 512 GB RAM

*  4x AMD MI250X GPUs, each with 128 GB HBM2e memory
*  MiI250X consists of two compute dies — 8 GCDs per node
* each MI250X GCD has 64 GB VRAM

*  4x 200 Gbit/s HPE Slingshot-11 interconnects




AMD MIl25ox GPU

4x Ml25oX per node

* Dual-chip module
— in practice 8 "GPUs" per node.

* Each GCD (Graphics Compute Die) has
64GB of VRAM and 192 TFLOPS peak
BFi16

But, we have a lot of them!

* Total of 2978 nodes — ~24k GCDs

333333333
Cray Slingshot-11 interconnect




Deep learning software stack

AMD GPUs: €"d4BbA — ROCm
CUDA kernels can be converted with HIPIFY tool

[ ]
« PyTorch pretty well supported out-of-the-box B
. . . . .@PyTorch founder @soumithchintala on AMD Day O support:
i AM D h a S po rted a n d O ptl m |Zed t h | n g S | | ke F | a S h Developers can train and deploy #Al models compatible "out of the box"
. . with @AMDInstinct accelerators. "Simply put, when a new model is
Atte nt 10 nl b |tsa N d byte S, V L L MI T (rjelealsed, it's up and running on AMD platforms immediately for
evelopers.”

AMD x G PyTorcls




Source: TIVI, 6.12.2023

Uutinen

A New Foundation for Al Is Being Built in

Finland — Offering an Alternative to
American Giants
Antti Leikas |

palvitetty

The development of the Poro language model utilizes Lumi, the fastest
supercomputer in Europe, located in Kajaani.

A ce. According to Peter Sarlin (center), the development of the Poro
Ianguage model aims at democratizing Al technology and ensuring equal treatment of
European languages. TIINA SOMERPURO

Source: Allen Institute for Al
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Source: Yle: https://yle.fi/a/74-20030871

Al12 OLMo

Open Language Model

News

2.2.2024

A truly open large language
model released, developed

with LUMI

The Allen Institute for Al (Al2) has released

OLMo 7B, a truly open, st

Groeneveld et al,
https://arxiv.org/abs/2402.00838

DLMo: Accelerating ...

m Etusivu d djan hyokkay
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FinGPT3 on suurin puhtaasti
suomenkielinen kielimalli, eika
suurempaa ole hetkeen tulossa

Kajaanissa taydella teholla pyoriva Lumi-supertietokone on
merkittavassa roolissa uusien kielimallien kehityksessa.
Alkuvuonna Lumi sai laskettua valmiiksi suomen kielen suurimman
kielimallin.

OFFERING Vv WORK

/ VIKING 7B/13B/33B: SAILING THE NORDIC SEAS OF MULTILINGUALITY

Viking 7B/13B/33B: Salling the

GPU Power Power Carbon Carbon
GPU Type  Consumption Usage Intensity Emissions 1 il 1
(MWh) Effectiveness (kg CO2e/KWh)  (tCOseq) Nord IC S€as Of mu ITI I I ngual ITy
Gopher-280B TPU v3 1,066 1.08 0.330 380 L tokone. Koneen
BLOOM-176B | A100-80GB 433 1.2 0.057 30 fenidClmeltien
OPT-175B A100-80GB 324 1.1 0.231 82
T5-11B TPU v3 77 1.12 0.545 47 Source: Silo Al https://www.silo.ai/blog/viking-7b-13b-
LLaMA-7B A100-80GB 33 1.1 0.385 14 33b-sailing-the-nordic-seas-of-multilinquality
LLaMA2-7B A100-80GB 74 1.1 0.385 31
OLMo7B | MDR50X 135 1.1 0.000% 0*  [EEEEEEEEEEEEEEE——



https://yle.fi/a/74-20030871
https://arxiv.org/abs/2402.00838
https://arxiv.org/abs/2402.00838
https://www.silo.ai/blog/viking-7b-13b-33b-sailing-the-nordic-seas-of-multilinguality
https://www.silo.ai/blog/viking-7b-13b-33b-sailing-the-nordic-seas-of-multilinguality

Training large language models

« Large language models are trained to predict the desired output
given the user’s input (prompt)
« Pre-training: passing trillions of tokens through the network

. Fine-tuning: adapting pre-trained network to particular purpose, with
a much smaller dataset

« Instruct-tuning: adapting to follow instructions, such as chat models



Slide by prof. Sampo Pyysalo, University of Turku

/ Poro training data

cf. 300B tokens of

Finnish (8 epochs) for
FInGPT

0 English
B Finnish
mm Code

[ Eng-Fin

(a) Original (b) Sampled
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Slide by prof. Sampo Pyysalo, University of Turku

—&— Poro
65% -4 ——~ FinGPT 8B
—-=- BLUUMI (176B)

/ Poro evaluation

Substantial advance over previous
models in Finnish: 51% (FinGPT)
/ 59% (BLUUMI) — 66% (Poro)

FIN-bench performance

Competitive in its class of open
models for English and code

20% 40% 60% 80% 100%
Poro % trained

| Poro 34B | Llama 33B MPT 30b Falcon 40B | FinGPT 8B FinGPT 13B | Starcoder

Finnish | 66.28 53.36 53.22 42.58 49.69 48.92 45.55
English | 50.57 59.96 52.62 49.87 31.47 32.85 35.44
Code 41.80 37.67 39.18 38.57 - - 49.06
NS
TURKUNLP ) S



Slide by prof. Sampo Pyysalo, University of Turku

/ Poro evaluation

Remarkably good at English-
Finnish translation!

(Opus Eng-Fin translation
examples included in pretraining
data)

Caveat: trained and tested mostly
on single-sentence translation

TURKUNLP

«.0ORG

Flores-101 Tatoeba

Model En-Fi Fi-En | En-Fi Fi-En
ChatGPT 334 35.9 - -
GPT4 35.3 40.2 - -
Google 37.3 39.0 - -
M2M-12B 334 33.8 36.7 41.3
NLLB-1.3B  30.0 35.4 40.2 55.7
OPUS-MT 37.2 35.6 46.7 58.4
Poro 34B 37.6 39.8 47.3 60.5

M4l UNIVERSITY
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Why training LLMs is difficult

Model doesn't fit into single GPU
memory

e.g. LUMI GCD has 64 GB VRAM

Example: 140B parameter model ~
280 GB VRAM assuming 16 bit

— at least 5 LUMI GCDs needed

Model parallelism

Tensor parallel = layers split across
GPUs

Pipeline parallel = layers distributed
across GPUs

Gradients and optimizer states need
to be sharded
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Things have become easier ...

« Huggingface Accelerate library
« PyTorch Fully sharded data parallel (FSDP)
« Exceptwhen you need to go really large-scale

— Poro model used highly tweaked Megatron-LM



Scaling LLM training to 1000s of GPUs

« Example: Model size 140B with Megatron-DeepSpeed

Strong scaling, total petaFLOPS with BF16 Weak scaling, total petaFLOPS with BF16
@ Achieved throughput = = Linear projection @ Achieved throughput = = Linear projection
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Conclusions

« LUMIsupercomputer highly suitable for large scale pre-training of LLMs

« Poro model successful case of collaboration between Academia, Industry
and Supercomputing centre partners

« Many other LLMs trained on LUMI
- OLMo, English open model: https://arxiv.org/abs/2402.00838

- Viking 7B/13B/33B, also Silo Al + TurkuNLP, continuation of Poro
including more Nordic languages https://www.silo.ai/blog/viking-7b-13b-33b-
sailing-the-nordic-seas-of-multilinguality

- Several other European projects


https://arxiv.org/abs/2402.00838
https://www.silo.ai/blog/viking-7b-13b-33b-sailing-the-nordic-seas-of-multilinguality
https://www.silo.ai/blog/viking-7b-13b-33b-sailing-the-nordic-seas-of-multilinguality
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