
COLM 2026 NONAR-LM WORKSHOP NON-AUTOREGRESSIVE LANGUAGE MODELS FOR FAST AND FLEXIBLE TEXT GENERATION

Interpreting Diffusion Language Models
Over Denoising Time
Jingcheng Yang1*, Shangtong Wu2*, Yifan Kang3, Tianhu Xiong1, Mingyuan Wu1, Haozhen Zheng1, Alex Schwing1, Klara Nahrstedt1
1University of Illinois Urbana-Champaign 2University of Oxford 3MIT *Equal contribution

Scan for the paper

KEY IDEA
Diffusion LMs build an answer over many denoising steps. We trace what the model computes at each step, find that it works in clear phases, and show
that boosting the right features at the right moment takes sorting from 0 to 128 correct answers out of 128.

W H Y T I M E  M AT T E R S

Diffusion LMs write in steps
A diffusion LM fills in every position of a masked answer over
many steps, so its computation unfolds over time.

Autoregressive LM
one token at a time, left to right

step 1 3

step 2 3 9

step 3 3 9 14

step 4 3 9 14 18

step 5 3 9 14 18 27

Diffusion LM
every position at once, refined over steps

step 0

step 4 14

step 8 3 14 27

step 12 3 9 14 27

step 16 3 9 14 18 27

Figure 1. The same answer, written two ways.

O U R  A P P R OAC H

From sparse features to interventions over denoising time
1 SAE and CLT training

MLP SAE

MLP SAE

CLT

activations from all 16 steps, balanced

2 Feature selection

Sort: 9, 6, 4, 1, 7
Sort: 4, 7, 6, 1, 9

...

bright stars gleam above the bay,
golden light fades, end of ____.
the ancient oak stands tall and
proud, reaching for the ____.

rank features by their
peak activity over steps

3 Manual interpretation

red... the horizon and the sky turned
home... after three long years she made it
activity... reported a significant increase in

3 Auto interpretation
feature explanation score

L26:F18432 sentence-ending punctuation 0.92
L1:F351 masked or placeholder tokens 0.95
L11:F53721 numerical digits and sequences 0.88

4 Intervention

edit features only in a window of steps

boost or suppress here

step 0 step 15

Correct 1, 4, 6, 7, 9

Steered 9, 7, 6, 4, 1

Figure 2. Train SAEs and cross-layer transcoders (CLTs) on every denoising step, select task features, interpret them by hand and with an LLM judge, then edit them during
denoising.

F E AT U R E  Q UA L I TY

Features hold up at every step
0.85 to 0.98
explained variance, at every
step

under 0.01
change across all 16
steps, per layer

60 layers
of SAEs on Dream and
LLaDA
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Figure 3. Explained variance of one SAE per layer, trained equally on every
step (redrawn from paper Fig. 8). Depth sets the quality; the step barely
changes it.

Dream-v0-Instruct-7B, 28 layers LLaDA-8B-Instruct, 32 layers

16 denoising steps JumpReLU, 16x width, L0 = 80

O U R  TO O L

The Diffusion Tracer
Set up the task Build the order Clean up

edit window

drag up
to boost

step 8
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Step 8 of 16

Figure 4. Feature activity over the 16 steps; dragging the blue curve boosts it
only inside the edit window. Illustration of our interactive tool.

Scrub
Step through denoising.

Inspect
See which tokens a feature fires
on.

Intervene
Drag a curve, read the new
answer.

Two models
Dream 7B [1] and LLaDA 8B [2].

F I N D I N G  1

The model works in phases
Sorting Dream 7B

0 3 6 9 12 15

Denoising step
Poetry origin

0 5 10 15

Poetry entropy

0 5 10 15

Color shows when a feature peaks (denoising step 0 to 15)

0 4 8 12 15
Figure 5. Real traced SAE features; each row is one feature.

Early features set up the task, middle ones build the answer,
late ones clean up.
Phases appear under all five decoding rules we tried; the
rule shapes their timing.

F I N D I N G  2

Right feature, right time
No edit

0/128 solved

Right-time boost

128/128 solved

Wrong-time boost

0/128 solved
Figure 6. 128 held-out sorting prompts, after boosting one middle-phase
feature bundle.

boost at the right time same boost at the wrong time

0% 50% 100%
gain in sorting prompts solved

Middle phase
top-k margin decoding, lower layers

+100%
0%

Middle phase
MaskGIT+ decoding, middle layers

+91%
+42%

Early phase
entropy decoding

+82%
0%

Middle phase
MaskGIT+ decoding, lower layers

+77%
0%

Middle phase
top-k margin decoding, middle layers

+63%
0%

F I N D I N G  3

Edits ripple across layers and time

early

late

la
ye

rs

denoising step
0 15

edit one feature

the change spreads
to later steps

Figure 7. One CLT feature writes to every later layer; editing it at chosen steps
changes the rest of the denoising path.

Cross-layer fan-out edits change about half of all final answers
on a 20-task suite, a strong handle on the denoising trajectory.

TA K E AWAY S

Time is the missing axis

Open-source release, coming soon
Training code, SAE and CLT checkpoints for Dream and LLaDA, and
the Diffusion Tracer.

Denoising time is a new, readable axis for interpreting
diffusion LMs.

1

The model works in phases: set up, build, then clean up.2

Timing is a control knob: the right feature at the right
step can fix an answer.

3

Our features and tools cover two open diffusion LMs,
Dream 7B and LLaDA 8B.
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