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Parallel Inconsistency Guidance for accelerating
diffusion language models

Commit tokens in parallel only while they are predicted to match what decoding them one
at a time would give.
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THE PROMISE, AND THE GAP

Today’s samplers leave most of diffusion’s parallelism unused

CONFIDENCE THRESHOLD - FAST-DLLM’S RULE ORACLE - SAME 8B MODEL, BLOCK 32
2—3X /.6X%

[
tokens per forward pass in Nemotron-Labs-Diffusion’s when an oracle picks the commits that reproduce one-
own diffusion mode: 1.9x at 3B, 2.6x at 8B, 2.7x at 14B slot-at-a-time decoding exactly. Nemotron’s verdict:
(ten-benchmark averages) confidence sampling is “far from optimal”.

Headline speedups add machinery beyond the sampler: Nemotron’s 6x lets its AR mode verify diffusion drafts, and DiffusionGemma’s ~20
tokens per pass comes after retraining with sampler distillation and RL (up from 5).

Speed is tokens per forward pass (TPF): higher is faster. PIG is a better sampler for a frozen model.

Fu et al. 2026 (Nemotron-Labs-Diffusion), Tables 5 and 7, §4.2 (oracle on SPEED-Bench) - DiffusionGemma Team 2026, §5




THE CATCH

Tokens decoded together never see each other

SEQUENTIAL - one slot per pass forward pass

The m m . The dog barks.

2 passes - the second slot saw “dog”

PARALLEL - both slots in one pass forward pass
1 pass - the two slots never saw each other

Each slot is plausible on its own; the pair is not. Probabilities are illustrative (after the paper’s dog / cat example).

PIG - arXiv 2610.17375
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THE PARADIGM

Trajectory tracking: commit in parallel, stay on the

sequential path

CONFIDENCE VALID JOINT SAMPLING

Fast-dLLM Sequential decoding

Commits every slot the model is Each token sees the ones before it,

sure of, many per pass. so the text is a valid sample of the
. model’s joint distribution.

Independence rules (DAPD,
DEMASK) only test that slots look

On its own: blind to coupling. Two uncoupled.

confident slots can still contradict
each other. On its own: one token per pass.

3

TRAJECTORY TRACKING - PIG

Both, supervised

Commit in confidence order, as
many slots as keep the output
equal to the sequential decode.

Observable target: replay any set
one slot at a time and check
whether a token changed.

Matching the sequential trajectory asks for more than independence, and decoding one slot at a time supplies

the labels. Parallel decoding becomes a supervised task.

Wu et al. 2025 (Fast-dLLM); Kim et al. 2026 (DAPD); Ringel et al. 2026 (DEMASK)




THE OBJECTIVE

One round is a budgeted selection

maximise |S| subject to R(S) < ¢

R(S) = the number of slots in S whose parallel token differs from the token sequential decoding would give.

Computing it exactly costs |S| extra passes.

IDEA 1

Confidence order turns search into a prefix

Scan masked slots by decreasing confidence. The only
decision left is where to stop.

PIG - arXiv 2610.17375 - Section 3

IDEA 2

Regret is predictable from one pass

A slot flips only if the set moves its distribution past its
top-1 margin: confidence gives the margin, pairwise
effects give the push.

a



THE ESTIMATOR

One adapter predicts every pairwise effect

Roses M1 red, and violets M2 M3

frozen model: one forward pass \

what that pass already gives

M1 — guess: are confidence 0.92

vz  — guess: look confidence 0.55

M3 — guess: blue confidence 0.71

each entry: how much committing j would change the uncertainty at i

no extra model calls - under 0.1% of the backbone’s compute

Entry (i, j) = entropy at i now - entropy at i after committing j - values from the paper’s Figure 4

reads the same pass

source j (committed)

adapter M1 M2 M3
~2.2M parameters

N

M2 ©0.12

0.03

-0.02

receiver i

M3 0.06 0.09

largest entry: committing blue at M3
moves the model’s uncertainty at M2 the most



DECODER 1 - SINGLE-ROUND REGRET

PIG.INT: admit by confidence until ¢ is spent

ROUND 2 forward passes: 2

one forward pass: the frozen model and the adapter read every masked slot

| - confidence order Il - grow the set S lll - predicted regret vs ¢
¢

M2  — are changed from look g = {m} @ | within ¢ /

Done: 3 tokens in 2 forward passes, the same text as decoding one slot at a time.

The paper’s Figure 2 example, played through to the end - @ = single-round regret budget



DECODER 2 - CROSS-ROUND REGRET

PIG.EXT: stop early when waiting is worth more than 0

ROUND 2 forward passes: 2

one forward pass: the frozen model and the adapter read every masked slot

| - confidence order Il - grow S, look at the next slot lll - value of waiting vs 0

M2 — are re-read after waiting 5 = {m} @ | within 6 /

Done: 3 tokens in 2 forward passes, the same text as decoding one slot at a time.

Paper’s Figure 3 example - value of waiting: how much the next slot’s risk drops if S commits first



A REAL DECODE - LLADA-8B-INSTRUCT, HUMANEVAL

The same program in 19 passes instead of 30

Same model, same prompt, same output. Which masked positions to commit in parallel?

LLaDA-8B-Instruct - HumanEval/2 - 64-token blocks - one frame = one forward pass

committed in pass| still masked
i 30

Fast-dLLM (confidence threshold v = 0.85)

" python
def truncate number(number: float) -> float:

""" Given a positive floating point number, it can be

decomposed into

and integer part (largest integer smaller than given

number) and decimals
(leftover part always smaller than 1).

Return the decimal part of the number.
>>> truncate number(3.5)
0.5
if number == 8:
raise ValueError("Input must be a positive
floating point number.")

integer_part = int(number)
decimal_part = number - integer_part

return decimal_part
TTl<leot_id|>

after end-of-text: 119 padding positions (still cost passes)

forward passes: 30  tokens committed: 256 [ 256 done in 30 passes ~

PIG.INT (regret budget ¢ = 0.1)

"' python
def truncate number(number: float) -> float:

""" Given a positive floating point number, it can be

decomposed into

and integer part (largest integer smaller than given

number) and decimals
(leftover part always smaller than 1).

Return the decimal part of the number.
>>> truncate_number(3.5)
0.5
if number <= 0:
raise ValueError("Input must be a positive
floating point number.")

integer_part = int(number)
decimal_part = number - integer_part

return decimal_part
‘'l <|eot_id|>

after end-of-text: 119 padding positions (still cost passes)

forward passes: 19  tokens committed: 256 / 256 done in 19 passes +

30

passes « Fast-dLLM

19

passes - PIG.INT

Same model, same prompt, identical
program. Each frame is one forward pass;
colour marks the pass that committed the
token.

All 164 HumanEval problems at this setting: 7.2 vs 10.1 tokens per pass, 36% vs 34% pass@1 (64-token blocks)



RESULTS - FOUR BENCHMARKS, TWO MODEL FAMILIES

PIG extends the accuracy-speed frontier

LLaDA-8B-Instruct

Nemotron-3B-Instruct

—e— Fast-dLLM (v swept) —e— PIG.INT (p swept) —«— PIG.EXT (6 swept)

GSM8K (5-shot, flex) MATH-500 (4-shot) MBPP (3-shot) HumanEval (0-shot)
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TPF — tokens per forward (LLaDA: 256 / NFE; Nemotron: generated tokens / NFE — not comparable across rows)

Accuracy vs tokens per forward pass (up and right is better) - Wilson 95% bars - one adapter per model

1.7X

up to Fast-dLLM’s tokens per
pass at matched accuracy,
LLaDA-8B

1.4X

over Nemotron’s native
confidence decoder

+28

accuracy points kept at the
baseline’s fastest settings
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AUDIT - REPLAYING EVERY COMMITTED SET ONE SLOT AT A TIME

Predicted regret tracks realized regret

(a) per token (b) per round vs the budget ¢

10° >
T4
< %’ 5 100__
1‘L 10—1 1! o 1
3 t v
s i 2
(IJ -2 L . =
c 10 'g o
- } . & 1071
kel y Q
L] p _l_,
- S o )
© 1021 /, !51
8 : ? E_J
10~ i 1l | | 1072y / , .
10 10 1072 10+* 10° 1072 TG~ 10°

predicted: ﬁv(u,-, ﬁf(s)) @, the single-round regret budget

LLaDA-8B-Instruct - (a) per token, on the diagonal - (b) per round, below the budget ¢ at every setting

GSM8K (BL=32)
MATH-500 (BL=32)
MBPP (BL=64)
HumanEval (BL=64)

realized (filled, solid)

- predicted (hollow, dashed)

(@ y=x
(b) budget y =¢
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TAKEAWAYS

Decode in parallel only where it would not change the answer

A new target Predictable in one pass Faster at equal accuracy
Control disagreement with sequential A 2M-parameter adapter on the frozen Up to 1.7x Fast-dLLM on LLaDA and 1.4x
decoding, not a proxy for independence. model, trained once per backbone. Nemotron’s own decoder.

JOINT WORK WITH

arxiv.org/abs/2610.17375

github.com/Quentin-Fruytier/PIG-DLM-release

huggingface.co/UT-IFML
LLaDA-8B-Instruct-PIG - Nemotron-Labs-Diffusion-3B-PIG The University of Texas at Austin

Anton Xue Sanjay Shakkottai Sujay Sanghavi



BACKUP - THE ESTIMATOR’S ADAPTER

A 2.2M-parameter adapter, fit once per backbone on exact labels

ARCHITECTURE TRAINING, OFFLINE

Frozen DLM, the one forward pass 1 Harvest states. Decode training-split problems (GSM8K, MATH,
per slot: last hidden state, token id, entropy, confidence, margin, Open(;oder, MBPP) with the frozen model; snapshot every 24
decode fraction t - attention maps of this round and the last commits. 34,142 states from 3,721 problems.

il 2  Label exactly. Commit one slot j and re-run the model: one

extra pass gives a whole column of true effects. 24 slots per

ADAPTER - THE ONLY TRAINED PART state (16 most confident, 8 random): 111M labelled pairs.
R e 3  Fit. Huber loss on the labelled entries only, split by problem.
Mix with 2 transformer layers over the canvas, conditioned on t, Per-pair correlation 0.83 on validation, about 0.8 on the test
with a bias read from the model’s attention benchmarks.
Read out a directed score per pair:f{z;) Wg(zj) +be 4 Calibrate. Replay candidate sets one slot at a time; a frozen

I

All 256 x 256 pairwise effects, in the same pass
under 0.1% of a backbone pass - 12.8 ms per round on an H100

table turns (confidence, coupling) into the chance a token
differs from sequential decoding.

LLaDA-8B-Instruct shown - Nemotron-3B twin: same recipe within one block, validation r=0.79 Bl



