TiDAR: Think in Diffusion, Talk in Autoregression

Or: How I Learned to Stop Worrying and Love the Forward Pass.

Based on research by NVIDIA (Liv, Dong, et al.). A NotebookLM



I have 80 billion transistors.
I can lift a car. Why are you

giving me one word? THE PROBLEM:
- LLM decoding is
Shh. T haven't decided L Memory Bound, not
what the next word is — 7 N> Compute Bound.
yet. Come back in ; e _ _
10 milliseconds. 7 4 - Loading model weights
takes longer than the
y actual math.
AR - We fetch the entire
Model =14 / brain just to think of

one syllable.
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We are paying for the whole
train, why not fill the seats?
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Processing extra tokens incurs
minimal to no latency increase.
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The Failed Contenders

- @ =

Standard AR

High Quality,
Low Speed.

Pure Diffusion

High Speed, Low Quality
(Independence Assumption).

Speculative Decoding

Bottlenecked by weaker
draft models.
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Enter TiDAR: The Hybrid

Draft in Parallel. Verify Sequentially.

&4 WORD/ |
Thinking Q“% < Talking
\'9?{?# oy rEATEE‘ %'\ VEI"iinng via
0\\(&?‘ Diffusion g |Autoregression joint distribution.
%E(:.RE&\:E (PE"‘:"LE’P I (Sequential)
?“\_ ICEPT

Drafting from
marginal distribution.
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The Single Forward Pass Machine

%%

New Proposals

&

Verify Last Draft Draft Next Batch
(AR) (Diffusion) Verified Text

The Magic Trick: Simultaneity.
Unlike Speculative Decoding, TiDAR performs verification and drafting in the exact same GPU 2yicle
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The Hybriol Attention Mask
'ionau.l)

Business in the front (Ca.usal), Par‘ty in the back (Bidirect

Under the Hood

one in
lock!

I can see
4

ev
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DRAFTING

(Diffusion)
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| The Full Masking
The quick bro
[jmps over Strategy
lazy dog). QLR
K c 1. Set all diffusion tokens
to [MASK].
2. Predict them all at once
(One-step diffusion).
3. Result: Denser loss
\ signals and no complex
¢ = noise schedules.
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token ¥
= tﬂkent e Wﬂrd

wﬂ‘;ii texﬁﬂtﬁeﬂf t-te. |
text onjy generd/

Generate tokens
via Diffusion.

REPEAT : .
Use accepted tokens| Self-Speculative

as new prefix. Generation

o

Check against
AR distribution.
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Efficiency: No Waste

No compute was harmed in the making of this sentence.

Do we need to
re-calculate the math for
the tokens we kept?

Nope. Exact

KV Cache
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8B

= 8.25
1?5455 tokens/
_ =7 t
| tokens/ e
p step /
N /

Standard TiIDAR TlDAR
| \ AR 1.5B /

That is a LOT of free tokens.

& NotebooklLM



The Re,$ul'|3$: Quoxl'i'ty

Slow AR Fast TIDAR
Quality Quality I literally can't

% % tell them apart. /

HumanEval (Cool'ing): LOS.SI@,SS Quan.l'i‘tl/
&GSMBK (Math): Competitive Performance
Be_m‘ts 'Dre,mm' oand 'l_lmola«..' d'iPPus.'ion madels. |
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Standard \ i /
\AR Models = *fTiDAR
. -8

Quah‘ty
(Smarts)

Diffusion
Models

Spe,e,o! (Zoowm)

The Pareto Frontier: We stopped 'tr‘aol'ing
off qua.li‘tl/ for sPe,e,oL We Jus‘t took both.
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WHY THIS MATTERS:

m Deployme,n‘t Re,a.oly:
No extra draft models.

Serving Frie,ndly:
Fits e,x'ist'ing p‘ipelines.

Dense Compute:
Moximizes GPU utilization.

Old Assumptions

Conventional wisdom says high quality costs high
latency. Conventional wisdom is wrong.
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Rna'ly! A real workout!
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TiDAR: Bridging Autoregressive Quality and Diffusion Efficiency.
Reference: TiDAR: Bridging Autoregressive Quality and Diffusion Efficiency (NVIDIA, 2025).
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