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People can develop
high-performing DNNs
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Models are evaluated by fine-tuning performances

There is a common theme in the developments of DNN models:

Explore novel techniques to train models.

Evaluate the effectiveness by fine-tuning.
i.e., Attach a classification layer. Optimize this layer and the network together on

the target dataset.

Report the quality of the models using (mostly) fine-tuning results.
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Probing can also evaluate DNN models

Fine-tuning Probing

Task resembles deployment Tasks are out-of-domain

Test cases are inclusive Test cases are specific

Aim at high performance Aim at faithful interpretations

Computation-heavy (e.g., 20h for QQP) Lighter (e.g., 1 hr CPU time for 7 tasks)
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Question: Can probing be used in model developments?

Challenges:
Feasibility: The probing results appear disjointed to fine-tuning results -- are they relevant?

Operation: There are many probing configurations. Where should we probe?

This project:

Feasibility: We give a positive answer.
Operation: We provide some empirical answers.
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Predict the fine-tuning performance with probing

 models are tested on some probing tasks.

The probing accuracies of the  model are written in the vector .

On fine-tuning task , the  model can reach performance .

We predict  from  using a linear regressor (parameterized by ).
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Control setting

We need to control for the artefacts. Why?

Suppose our regressor using  gets  on both  and .

But  appears slightly "harder"...

Random features can get  for  but only  for .

Then  provides more predictability for  than , but  itself can't tell.

So we instead measure and report the RMSE_reduction:
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Models

5 Transformer-based models from huggingface: roberta-base , xlm-roberta-

base , microsoft/deberta-base , albert-base-cased , xlnet-base-cased

Corrupt by MLM on scrambled Wikipedia for 500, 1k, 2k, 4k, 6k steps.

Except xlnet  (since MLM doesn't apply to it)

In an ablation study (  5.9), we show that this procedure produces sufficiently
diverse models.

There are 25 models in total.

§
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Probing tasks

We take 7 probing tasks from SentEval (Conneau and Kiela, 2018):

Bigram Shift , Coordination Inversion , Objective Number , Semantic Odd-
Man Out , Past vs. Present , Subject Number , Tree Depth .

We subsample 1,200 data points per class.
Zhu et al., (2022) showed that several thousand samples already can have

sufficient statistical powers.

Predicting Fine-tuning Performances with Probing. 9

https://arxiv.org/abs/1803.05449
https://arxiv.org/abs/2202.12801


Fine-tuning tasks

These tasks come from
GLUE: RTE , COLA , QNLI ,

MRPC , SST2 , QQP
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Is there a "more useful" probing task than others? (  5.2)

There is no definitive answers, but depending on the tasks, there are some regularities.

§
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Are probing some layers more useful than others? (  5.3)§
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What is the best that we can do? (  5.5)

With as few as 3 features, the maximum reachable  values are

nontrivial.

Fine-tuning task RTE COLA QNLI MRPC SST2 QQP

41.69 75.66 47.56 72.59 80.52 76.77

§

RMSE_reduction

RMSE_reduction
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Ablation: Use different probing methods (  5.6)

MLP-20 and RandomForest-100 are recommended.

§
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Other experiments

There are many other experiments, including:

Use only one probing task (all 12 layers).

Use smaller probing datasets (400 instead of 1200 per class)

Uncertainty analysis.
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Call for completing the "feedback loop"

Currently, probing is mostly used as post-hoc interpretations...

Probing analysis is (in general) computationally friendly.

Probing can give fine-grained diagnostics to empower model developments.

Probing literature contain rich resource of "test material".

Probing analysis can be useful for model developments!
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Summary

How can probing be useful for building DNN models?

We show that probing results can predict an important intermediate signal, fine-tuning

accuracy.

We analyze the utility of different parameters in configuring the probing.
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