
CS 1998

Interpretability

Week 4

Introduction to AI Safety & Alignment

Looking inside language models



LLM architecture

3Blue1Brown · Large Language Models explained briefly · 330830

Watch the 5-minute excerpt
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https://www.youtube.com/embed/LPZh9BOjkQs?start=210&end=510
https://www.youtube.com/embed/LPZh9BOjkQs?start=210&end=510
http://www.youtube.com/watch?v=LPZh9BOjkQs&t=210


Inside a transformer

Tokens become vectors.

Attention shares information 
across positions. MLPs 
transform the vectors.

Weʼll study the activations 
between these steps.

3Blue1Brown / transformer overview
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https://www.youtube.com/watch?v=LPZh9BOjkQs&t=210s


The logit lens

nostalgebraist, 2020 • Belrose et al. (Tuned Lens), 2023 CS 1998 / Week 4

Apply the final un-embedding matrix to 

intermediate hidden states.

Tokens often stabilize in middle layers, with later layers 

calibrating probabilities.

PROMPT: "THE CAPITAL OF FRANCE IS ___"

logitsℓ = WU · LayerNorm(hℓ)

Read out predictions if processing stopped at layer ℓ.

Layers 1–4 "the", "a", "." (syntax)

Layers 5–8 "Europe", "city", "Lyon"

Layers 9–12 "Paris" (p > 0.92)



Direct logit attribution (DLA)

Elhage et al. / Transformer Circuits, 2021 • Wang et al. / IOI, 2022 CS 1998 / Week 4

The residual stream is linear and additive. Measure 

how each component directly affects the output 

logits.

Calculated cleanly in a single forward pass without re-running or 

retraining.

logit(y) = ∑ WU[y] · Δri

Each head and MLP block writes a direct contribution to candidate 
token y.

Logit Difference Metric
logit(correct) − logit(incorrect). Isolates components actively favoring target 

tokens over alternatives.

Pinpointing Circuit Roles
Identified "Name Mover" heads in Indirect Object Identification (IOI) out of 

hundreds of candidates.

Direct vs. Indirect Effects
Measures direct writes to the final logit; upstream composition still requires 

activation patching.



Circuits

A circuit is a set of 
components that work 
together to carry out a 
computation.

Example: finding the capital 
of the state containing Dallas.

Lindsey et al. / Circuit tracing, 2025
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https://transformer-circuits.pub/2025/attribution-graphs/biology.html


The linear representation hypothesis

Park et al., 2023 • Elhage et al., 2022 • Mikolov et al., 2013 CS 1998 / Week 4

High-level concepts correspond to linear directions 

in activation space, not isolated single neurons.

Linear operations (dot products, vector additions) govern both 

readouts and downstream interventions.

activation(concept) = vT h

Inner product with unit vector v quantifies concept presence and 
strength.

Directions Over Coordinates
Features are 1D directions across many coordinates rather than single 

privileged basis neurons.

Why Probing & Steering Work
Explains the empirical success of linear classifier probes and additive 

activation steering vectors.

Foundation for Superposition
Allows hundreds of nearly orthogonal directions to pack into d dimensions 

via high-dimensional geometry.



Linear probes

Freeze the LLM.

Train a small classifier on its 
activations to predict a label.

Example: positive vs. 
negative reviews.

Illustrative data / Alain & Bengio, 2016
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https://arxiv.org/abs/1610.01644


Reading information is different from using it

A probe can show… An intervention can test…

Sentiment is predictable
from these activations.

Changing these activations
changes the answer.

Use new examples, different wording, and controls with shuffled labels.

Alain & Bengio / Linear classifier probes, 2016
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Persona vectors

Compare activations from responses that express a trait with responses that donʼt.

Chen et al. / Persona Vectors, 2025
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https://www.anthropic.com/research/persona-vectors


Activation steering

Add a direction to the 
activations while the model 
generates an answer.

The layer and steering 
strength affect the result.

Mean difference and activation addition
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https://www.anthropic.com/research/persona-vectors


Golden Gate Claude

Turn up a Golden Gate Bridge 
feature, and unrelated 
answers start mentioning the 
bridge.

A suggestion for spending 
$10 becomes a suggestion to 
pay the bridge toll.

Anthropic / Golden Gate Claude, 2024
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https://www.anthropic.com/news/golden-gate-claude


Sparse autoencoders SAEs

Learn a set of features that can reconstruct the modelʼs activations.

Activations

Collect vectors
from the LLM.

Encoder

Map them to a
larger feature set.

Sparse features

Use only a few
features at once.

Decoder

Reconstruct the
original vector.

The LLM stays frozen while the SAE is 
trained.

Bricken et al. / Towards Monosemanticity, 2023

Sparsity encourages a simpler description.
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https://transformer-circuits.pub/2023/monosemantic-features/index.html


SAEs balance reconstruction and sparsity

Reconstruct the activation accurately, while keeping most feature activations small or zero.

SAE objective / Bricken et al., 2023
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https://transformer-circuits.pub/2023/monosemantic-features/index.html


A feature can respond across languages and images

These examples all activate a Golden Gate Bridge feature in Claude 3 Sonnet.

Anthropic / Scaling Monosemanticity, 2024
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https://www.anthropic.com/research/mapping-mind-language-model


Demo: Neuronpedia
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Activation patching

Replace an activation in one run with the activation from another run.

Clean run

Record the
activations.

Corrupted run

Change the input
or add noise.

Patch

Restore one
clean activation.

Compare

Measure how the
answer changes.

Keep the rest of the corrupted run the same.

Meng et al. / ROME, 2022

Try other locations and control patches.
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https://rome.baulab.info/


Causal tracing

Patch Megan Rapinoeʼs 
activations into a run about 
Shaquille OʼNeal.

Mid-layer patches at the last 
name token make “soccerˮ 
more likely.

Meng et al. / ROME, 2022
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https://rome.baulab.info/


Distributed Representation, Polysemanticity & 
Superposition

Distributed

One feature uses
many neurons.

Polysemantic

One neuron responds
to several features.

Superposition

More features than
independent 
dimensions.
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Elhage et al. / Toy Models of Superposition, 2022

https://arxiv.org/abs/2209.10652


Superposition
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Interpretability safety audits

Find a clue Inspect activations for a possible hidden behavior.

Test the behavior Write new prompts that should reveal it.

Check the explanation Compare against alternative explanations and controls.
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Sheshadri et al. / AuditBench, 2026



AuditBench tests methods on hidden behaviors

Sheshadri et al. / AuditBench, March 2026
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https://alignment.anthropic.com/2026/auditbench/


AuditBench

Sheshadri et al. / AuditBench, March 2026
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https://alignment.anthropic.com/2026/auditbench/


Activation Oracle

Activation Oracles: Training and Evaluating LLMs as General-Purpose Activation Explainers
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Natural language autoencoders

Anthropic / Natural Language Autoencoders, May 2026
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https://www.anthropic.com/research/natural-language-autoencoders


J-space and the Jacobian lens

The J-lens reads concepts the model could verbalize. Some help it reason internally.

Gurnee et al. / Global Workspace, July 2026
CS 1998 / Week 4 23

https://transformer-circuits.pub/2026/workspace/index.html


Editing J-space changes some computations

The same Spanish → French edit has different effects across tasks.

Task Before the edit After the edit

Name the language Spanish French

Name an author García Márquez Victor Hugo

Continue the passage Spanish Spanish

The change depends on how the representation is used.
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Gurnee et al. / Global Workspace, July 2026



Activity: Play with Neuronpedia

1 SAEs

2 JSpace

3 Natural Language Autoencoders

CS 1998 / Week 4 17



Evaluation awareness can be unspoken

Internal readouts can suggest evaluation awareness that the answer leaves unspoken.

Anthropic / J-space and NLA studies, 2026
CS 1998 / Week 4 25

https://transformer-circuits.pub/2026/workspace/index.html


Interpretability tools also need evaluation

In CHIVE, these tools did not improve predictions over a transcript-only baseline.

Karvonen et al. / CHIVE, August 2026
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https://alignment.anthropic.com/2026/chive/


Notebook: Abliteration

Edit a small Qwen model and compare its behavior on new prompts.

Original model

Record its
responses.

Random direction

Check the effect
of a control edit.

Refusal direction

Test the targeted
intervention.
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Coding notebook   ·   No-code notebook

https://colab.research.google.com/drive/1_OorWMmsx3BhIjAdTmBdSCAKsOHJceZo
https://colab.research.google.com/drive/15CYT5ANnBTYELGNYN-HjXa5njDXjQ_XU

