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LLM training is expensive

- Llama 4
- Rumored to have been pre-trained on 32k H100’s
- Quality data is scarce
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Solutions

1. More efficient model architectures
2. Faster hardware
3. Fewer data
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- How important is this data point?
- i.e. influence function (Koh & Liang 2017) or data valuation
- Use it to choose a subset of influential samples

Influence estimation…?

⊂
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- Model Dependent
- Subset is specific to model’s weaknesses
- Uses model-specific signals like confidence, performance, gradients

- Model Independent

How is influence estimation done?
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- Model Dependent
- Subset is specific to model’s weaknesses
- Uses model-specific signals like confidence, performance, gradients

- Model Independent
- Subset can be used for any model
- Uses clustering-based or semantic similarity based methods

- sim(i, j) = Influence of j on i

How is influence estimation done?

M x N

i

j
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- Forward/backprop using a language model

Influence estimation is expensive!

(spoiler)

(spoiler)
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- Inference/backprop using a language model

Motivation

(spoiler)

(spoiler)

These works estimate influence but…
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- Inference/backprop using a language model

Motivation

(spoiler)

(spoiler)

Can we learn to estimate influence instead?
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Motivation

LLM-based influence functions

- Input: text data
- Output: influence score
- How do we train the 

InfluenceNetwork?
- Use an existing influence function 

on a very small portion of the data
- How much data do we need?

- 0.25% to 5%!!

Train a neural network:

- Input: (embedded) text data
- Output: influence score
- How do we train the 

InfluenceNetwork?
- Use an existing influence function 

on a very small portion of the data
- How much data do we need?

- 0.25% to 5%!!
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Motivation

(spoiler)

(spoiler)
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Motivation
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Motivation

Model size 
reduces by 

99.73%!
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NN-CIFT: Neural Networks for Efficient Instruction Fine-Tuning
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NN-CIFT 
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Use existing influence function to calculate a few influence scores

M x N

i

j sim(i, j) = Influence of j on i

Our evaluation uses:

1. DELIFT [Agarwal et al. 2025]
2.      + DELIFT (SE)
3. LESS [Xia et al. 2024]
4. SelectIT [Liu et al. 2024]

NN-CIFT → Step 1: collect training data
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NN-CIFT 
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InfluenceNetwork definition:

class InfluenceNetwork(nn.Module):

    def __init__(self, dim, hidden_size=100):

        super(InfluenceNetwork, self).__init__()

        self.fc1 = nn.Linear(dim, hidden_size) 

        self.activate = nn.ReLU()

        self.fc2 = nn.Linear(hidden_size, 1) 

Use mini-batch gradient descent to train

← [2049 x 100]

← [100 x 1]

NN-CIFT → Step 2: train the InfluenceNetwork
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MSE on validation: 0.072!

InfluenceNetwork training size
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NN-CIFT → Step 2: train the InfluenceNetwork → Does it work well?
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MSE on test set: 0.063

InfluenceNetwork training size
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NN-CIFT → Step 2: train the InfluenceNetwork → Does it work well?
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MSE on test set: 0.063

Why is this so cool?

NN-CIFT → Step 2: train the InfluenceNetwork → Does it work well?
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MSE on test set: 0.063

Estimating influence is not adaptive to new data

NN-CIFT → Step 2: train the InfluenceNetwork → Does it work well?
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MSE on test set: 0.063

Learning to estimate influence is adaptive to new data 

NN-CIFT → Step 2: train the InfluenceNetwork → Does it work well?
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NN-CIFT 
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Results on Phi-3

NN-CIFT → Step 3: use sim. matrix for IFT → does pruning work?
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Results on Phi-3

Difference between NN-CIFT and original influence function is 1.40%!

NN-CIFT → Step 3: use sim. matrix for IFT → does pruning work?

32



Results on Llama-8B

Here, its 1.39%!

NN-CIFT → Step 3: use sim. matrix for IFT → does pruning work?
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Costs (seconds) are cut down by 77% to 99%

NN-CIFT → Step 3: use sim. matrix for IFT → what about the cost?
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What does this all mean?

NN-CIFT…

- uses neural networks instead of language models for data valuation
- learns to estimate influence with very low error
- scales with new data, which was not previously possible
- reduces up to 99% costs without affecting performance
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NN-CIFT…

Uses neural networks for data valuation – it is 
adaptive to new data and reduces costs by 99%

- Uses only 5% of data to train neural network
- Network size reduces to 0.0027% of LLMs
- Accurate data selection (MSE: 0.067)

Cheap Neural Networks for Learnable and Scalable 
Influence Estimation of Instruction Fine-Tuning 
Ishika Agarwal, Dilek Hakkani-Tür

arXiv

GitHub



How is influence estimation done?

- Model Dependent
- Inference-based

- DELIFT: quantifies how close the answer is to the ground truth
- SelectIT: uses confidence and consistency to estimate importance

- Gradient-based
- LESS: measures how similar the gradients are for two data points

- Model Independent
- Clustering-based: data points that match a target task are better to learn
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Pairwise v Pointwise

- Pairwise: uses the mutual/conditional information between two 
datasets

- IFT: does Common Corpus already have this knowledge from MixInstruct?
- Task-specific FT: what data from MixInstruct looks like GSM8k?
- Continual learning: what data from DatasetName-v2 is different from 

DatasetName-v1?
- Pointwise: computes a ranking of “importance”
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Evaluation Details: InfluenceNetwork

- Dataset: MixInstruct
- Model: Phi-3
- Influence Function: DELIFT
- MSE:

- D_F → MixInstruct training
- D_T → MixInstruct validation
- IF_theta → InfluenceNetwork
- sim(i,j) → DELIFT

- Baselines:
- Predicting only 0 influence
- Predicting random influence
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Evaluation Details: subset selection

- Datasets: MixInstruct, Alpaca
- Model: Phi-3, Llama-8B
- Metrics:

- ROUGE
- BGE: cosine distance between BAAI General Embeddings
- LAJ: Llama-as-a-Judge, Prometheus

- ICL/QLoRA:
- ICL: use chosen subset as pool for ICL
- QLoRA: fine-tune on chosen subset

- Baselines:
- Initial: no subset selection
- Random: selecting a random subset
- Original influence function
- Using DistilGPT2 as the LM in IFs
- Full Data: using 100% of the data
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