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Motivation

LLMs in the
industry are
awesomel!

Plant Operator Co-Worker

Requirements / Challenges:
1. Privacy & Costs — LLMs on-premise only

2. Resource Constraints — On-premise datacenter
not sufficient

=>» Distributed LLMs - Split up the inference of
LLMs
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Motivation

Dlstrlbuted LLM Potential time
& money savings

i& John is happy
S m)! ‘d-} ‘$$$

After some time:

Machine Operator

Y‘ is sad John forgot the
» % network

Machine o connectivity!
connectivity :John
issues Is sad
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Distributed Large Language Models

2. Scalability 3. Network Patterns

:

1.7 — | -
)@ @ — @ OC/O 4. Tra@mplexﬂy

5. Takeaways
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Types of Distributed Large Language Models

Data Parallelism

Dataset

Prompt 1

Prompt 2

Prompt 3

Llama 3 2

Generations

» Text 1
» Text 2

» Text 3
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Types of Distributed Large Language Models

Data Parallelism

Dataset

Prompt 1

Generations
» Text 1

Prompt 2

Prompt 3

» Text 2
» Text 3

Pipeline Parallelism

Dataset
Prompt

Generation

»  Text
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Types of Distributed Large Language Models

Data Parallelism

Tensor Parallelism

»  Text

Generation

end result-

Dataset Generations Dataset X
Prompt 1 > Text 1 Prompt P issliil©11S2
A A
|
Prompt 2 » Text 2 |
T multiply
Prompt 3 » Text 3 with
Pipeline Parallelism end result
Dataset e [ Generation
Prompt > Text
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Testbed for Distributed LLMs

Pipeline Parallel Framework

Worker

1lama. cpp

TTI'{ft

VVorker VVorker VVorker

Tensor Parallel Framework

distributed-1lama
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Results — Scalability

(a) Llama 3.2 1B Results:

n
)
3
=
)
A 8- rrrrrrja -
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o
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= 211 -
Z
1-1-

0 10 20
Throughput (tokens/s)

distributed-llama /7 llama.cpp
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Results — Scalability

(a) Llama 3.2 1B Results:
- 1lama.cpp:
* More devices - Same throughput

g

=

@ |

E 8 - rrrrrrja -

S =60 * distributed-1lama:

E 4 - rrrr -EH 10.54 * More devices = Higher throughput

v 8.24
1 -1 85970

0 10 20
Throughput (tokens/s)

distributed-llama /7 llama.cpp

Page 10 Unrestricted | © Siemens 2025 | Philippe Buschmann | FT RPD CED INW-DE | 2025-09-08 SI E M E N S



Results — Scalability

(a) Llama 3.2 1B Results:
- 1lama.cpp:

- Better devices - Higher throughput

g

;

E 8 - rrrrrrja -,//////141g'381 | |

S =50 * distributed-1lama:

E 4 - rrrr - 10.54 * More devices = Higher throughput
z e 7.95

i 2 - rr -EE6.53

v 8.24
1 -1 85970

0 10 20
Throughput (tokens/s)

distributed-llama /7 llama.cpp
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Results — Scalability

(a) Llama 3.2 1B

N

&

|

E 8 - rrrrrrja - 41g381

S
7.60

% 4 - rrr - 10.54
7.95

= 9 - rr -

= I .03

i
0 10 20
Throughput (tokens/s)

- distributed-llama

(b) Llama 3.1 8B

0 2 4
Throughput (tokens/s)
/7 llama.cpp
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Results:

Llama. cpp:
More devices - Same throughput
Better devices - Higher throughput

distributed-1lama:
More devices = Higher throughput
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Results — Scalability

(a) Llama 3.2 1B (b) Llama 3.1 8B
N
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Results:

Llama. cpp:
More devices - Same throughput
Better devices - Higher throughput
More efficient RAM usage

distributed-1lama:
More devices = Higher throughput
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Results — Scalability

Number of Devices

Page 14
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(a) Llama 3.2 1B
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Results:

Llama. cpp:
More devices - Same throughput

distributed-1lama:
More devices = Higher throughput
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Results — Scalability

Number of Devices

Page 15

(a) Llama 3.2 1B

(b) Llama 3.1 8B

Throughput (tokens/s)

- distributed-llama

8 - rrrrrrja - 41g381 - 2.23 3.96
4 - o -G 54 i > 15
2-1r - ?5%5 " Fails L1
L i
(I) llO 2IO (I) é le

Throughput (tokens/s)
/7 llama.cpp
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Results:
- 1lama.cpp:
* More devices - Same throughput
» Better devices - Higher throughput
» More efficient RAM usage
« Lower throughput for larger models

« distributed-1lama:

» More devices - Higher throughput
« Higher throughput for larger models
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Results — Scalability

(a) Llama 3.2 1B (b) Llama 3.1 8B
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5; 4 - rrrr - 550,54 i St 0 45
é 9 _ rr - ?5%5 N 1.13
0 0 20 0 ) 4
Throughput (tokens/s) Throughput (tokens/s)

~ distributed-llama /7 llama.cpp
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Results:
- 1lama.cpp:
* More devices - Same throughput
» Better devices - Higher throughput
» More efficient RAM usage
» Lower throughput for larger models

« distributed-1lama:

* More devices - Higher throughput
» Higher throughput for larger models

* Both:
- Better devices - Higher throughput
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Results — Scalability

(a) Llama 3.2 1B

(b) Llama 3.1 8B
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Results:
- 1lama.cpp:
* More devices - Same throughput
» Better devices - Higher throughput
» More efficient RAM usage
» Lower throughput for larger models

« distributed-1lama:
» More devices - Higher throughput
» Higher throughput for larger models

*  Both:

- Better devices - Higher throughput
* Less throughput including worse devices

SIEMENS



Results — Scalability

(a) Llama 3.2 1B (b) Llama 3.1 8B
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Results:

Llama. cpp:
More devices - Same throughput
Better devices - Higher throughput
More efficient RAM usage
Lower throughput for larger models

distributed-11lama:
More devices = Higher throughput
Higher throughput for larger models

Both:

Better devices - Higher throughput
Less throughput including worse devices
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Results — Traffic Volume

Destination
w o
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rpid - - 0.2
rpib -
- 0.0
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Results — Traffic Volume

star topology

communication
Destination
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Results — Traffic Volume

star topology peer-to-peer

communication communication \
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Takeaways - It depends...

Choose your distributed LLM inference « 1lama. cpp:

framework: « Few powerful, homogeneous devices
1. Heterogeneous or homogeneous cluster  Lower bandwidth usage

2. High or low number of devices

3. Available Bandwidth « distributed-1lama:

4. Inference throughput * Maximum horizontal scalability

- Many devices (even heterogeneous)
« Higher throughput for large models

Machine operator

is happy John is happy

I%‘\
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Potential and Selected Frameworks

Tensor parallelism

Pipeline parallelism Compatlble

GPU support
CPU support

Framework CPU GPU PP 1P
Petals [16]

LLM-PQ [35]

HexGen [21]

vLLM [13]

exo [3]

prima.cpp [23]

llama.cpp [5]
distributed-llama [31]

' Not available as pre-built
2 Vulkan (experimental)

\\\\\Fxx
*x <IN NSNS S
N VIx X \ \ X X%
\\\Hxxxo

DN AN N N N NN
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Results — Traffic Patterns

(a) Model distribution

llama.cpp distributed-llama
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(b) Prompt handling
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Results — Traffic Patterns

(a) Model distribution

llama.cpp distributed-llama
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(b) Prompt handling

rpi6
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Results — Traffic Patterns

(a) Model distribution

llama.cpp
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distributed-llama
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Results — Traffic Patterns

(a) Model distribution (b) Prompt handling
llama.cpp distributed-llama llama.cpp distributed-llama
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Results — Traffic Structure
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Results — Traffic Structure
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Results — Traffic Structure
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Results — Traffic Structure

Bursty Uniform
1.0~ - llamad3.2-1b O
S _
'E 09 llama3.1-
2
2 0.8 -
3
2 A llama.cpp
g 0.7~ Y distributed-llama
5
T 06 & llama3.1-8b
z llama3.2-1b
0-5= Skewed& Skewed
/ Bursty
04 -
0.0 0.2 0.4 0.6 0.8 1.0

Temporal Complexity

Model Distribution

Unrestricted | © Siemens 2025 | Philippe Buschmann | FT RPD CED INW-DE | 2025-09-08

Bursty Uniform
1.0~ G O
\Y%
llamad3.2-1b
2 0.9-
i
=
2 0.8 -
S
2 £ llama.cpp
g 0.7 - YV distributed-llama
= A
£0.6- llamad.2-1b
=
S
Z.
0.5 7 Skewed& Skewed
/ Bursty
0.4 -
I I } I I I
0.0 0.2 0.4 0.6 0.8 1.0
Temporal Complexity
Prompt Handling
SIEMENS



Results — Traffic Structure
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