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Estimated training cost and compute
of select Al models

Source: Epoch, 2023 | Chart: 2024 Al Index report
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Estimated training cost and compute
of select Al models

Source: Epoch, 2023 | Chart: 2024 Al Index report
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Estimated training cost and compute
of select Al models

Source: Epoch, 2023 | Chart: 2024 Al Index report
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We need to come up with techniques to make training
more efficient and cheap
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Fine tuning using LoRA (Low-Rank Adaptation)
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Fine tuning using LoRA (Low-Rank Adaptation)
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Fine tuni ing LoRA (Low-Rank Adaptati
ine tuning using LoRA (Low-Ran aptation) Posvis ol -

* No need to fine-tune all params

» Weight updates can be expressed as & X [ ] ;
decompositions of lower ranks. ‘

« Train only the small matrices (A, B)
while fine-tuning
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Fine tuni ing LoRA (Low-Rank Adaptati
ine tuning using LoRA (Low-Ran aptation) Posvis ol -

* No need to fine-tune all params

» Weight updates can be expressed as & X [ ] ;
decompositions of lower ranks. .

« Train only the small matrices (A, B)

while fine-tuning n

Can we also use this B
during pre-training? _— O _l_
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Typical Pre-training run (ViT-Large on ImageNet-1k)

Weight Norm vs Epoch " Cross-Entropy Loss vs Epoch
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Typical Pre-training run (ViT-Large on ImageNet-1k)
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Observation: Around epoch 150,
« the weights start to stabilize
» Loss continues to go down
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Typical Pre-training run (ViT-Large on ImageNet-1k)

Weight Norm vs Epoch " Cross-Entropy Loss vs Epoch
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Observation: Around epoch 150, Question: Can we use LoRA to
« the weights start to stabilize capture these smaller updates?

» Loss continues to go down
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Challenges of straightforward integration:
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Challenges of straightforward integration:

Weight/(okp vs Epoch
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Challenges of straightforward integration:

We1ght/<o§p vs Epoch Query: Weight Norm vs Epoch
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We don’t know when to switch to LoRA apriori  + Scale of weights different across modules
* And also across layers inside a module
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Stage 3: Freeze full model and train only LoRA params
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Results
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Results
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BASED ON:

PRELORA: HYBRID PRE-TRAINING OF
VISION TRANSFORMERS WITH FULL
TRAINING AND

LOW-RANK ADAPTERS
[ARXIV:2509.21619]

U.S. DEPARTMENT Argonne National Laboratory is a
U.S. Department of Energy laboratory

Of ENERGY managed by UChicago Argonne, LLC.

N\ Ve

Krishu Thapa Dr. Murali Emani Dr. Venkat Vishwanath

ALCF

Argonne “

v NATIONAL LABORATORY

Argonne Leadership
Argonne ° Computing Facility

NATIONAL LABORATORY




THANK YOU!! QUESTION?

.
U.S. DEPARTMENT  Argonne National Laboratory is a Argonne Leadershlp
U.S. Department of Energy laboratory
Of ENERGY managed by UChicago Argonne, LLC.

Computing Facility

NATIONAL LABORATORY




Cross Entropy Loss
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Supplementary: Algorithms

Algorithm 1 Partial Convergence Test

I:

2:
3:
4:

wn

Dol

10:
11:
12:

Input: Number of windows k, window size m, thresh-
olds 7, ¢, module set co. Weight norms {W} for any
module a € « averaged across all layers, and losses
{L;} at window t € k.
Output:True if converged, False otherwise
for each module a € a do
fort=2tokdo =\ ey ywe
Compute AW = —wWEL

Compute AL; = % x 100
if | AWE| > 7 or |AL¢| > ( then
return False
end if
end for
end for
return True

x 100
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Algorithm 2 Rank Assignment Algorithm

1:

10:
11:

12:
13:
14:
15:
16:
17:
18:
19:
20:

R A A

Input: Minimum rank 7.;,, maximum rank 7.y,
weight norm changes AW} for all modules a € « and
layers [ € L
Output: Layer-to-rank assignment function A : a;
r
Initialize rank set R <+ []
fOl'p = logQ(rmin) to 10g2 (Tmax) do
Append 2P to R
end for
Initialize empty mapping A «+ {}
for each module a € a do
Collect weight norm changes for the module as,
changes < [AW' Vil € L]
min-max-norm(changes) — N, € [0,1]
for each layer [ € L with normalized value v € N,
do
if v # 0 then

i+ [v-|R|]] -1
else

i+ [v-|R|]
end if

Assign layer [ of module a to rank: Afq;] < R[i]
end for
end for
return A




