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(Generation - A closer look
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(Generation - A closer ook

. Next token probability often highly
oeaked (next token is obvious)

- Can we skip predicting obvious
tokens?

- Verity instead
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\erlfication vs generation
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Speculative decoding

- How do we obtain guess of next tokens?

. Use a smaller model Q(xl-+1 | 0;...0,)

- Use a separate head to predict multiple
tokens

- How to we accept guess?

« P(x; q|x(...x) = O] Xq...X)

P(x; 1 |Xxq...x;)

_ or proportional to
QX [ X1...X;)

Fast Inference from Transformers via Speculative Decoding, Levianthan 2023
Medusa: Simple LLM Inference Acceleration Framework with Multiple Decoding Heads, Cai etal 2024
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Speculative decoding

Alg@flth | | | Table 2. Empirical results for speeding up inference from a T5-

XXL 11B model.

Algorithm 1 SpeculativeDecodingStep TASK M, TEMP v «a  SPEED
Inputs: M,, M, prefiz. ENDE T5-SMALL % 0 7 075 34X
> Sample «y guesses z; .~ from M, autoregressively. E:BE %'Eﬁzﬁ 8 ;’ 005382 %g)’i
for: =1to~ydo ENDE T5-SMALL % 1 7 0.62 2.6X

() € Grafie i -osde1) ENDE  Toiamce 1 3 071  L4X
x; ~ g;(z) - . .
endzfor t CNNDM  T5-SMALL % 0 5 0.65 3.1X
. CNNDM T5-BASE 0 5 0.73 3.0X
> Run M, in parallel. CNNDM  T5-LARGE 0 3 074 22X
D1 (g:), . ,p,H_l(x) ¢ CNNDM T5-SMALL % 1 5 0.53 2.3X
. : CNNDM  T5-BASE 1 3 055 22X
My(prefiz), ..., My(prefiz + |21, ..., 24]) CNNDM  T3-LARGE I 3 056 17X
> Determine the number of accepted guesses n.
ri~U(0,1),...,7, ~U(0,1)
nemin({i—1]1<i <, > 281U {4} | o
> Adjust the distribution from M, if needed. English to German translation fine tunead
§(z) « psi(2) )
if 7 <  then on WMT EnDe
p'(z) «+ norm(mazx(0, pp.1(x) — gny1(x)))
end if : : .
> Return one token from M, and n tokens from M,,. Text summarization fine tuned on CCN/DM
t ~ p'(z)
return prefix + [zy,..., Ty, t]
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Speculative decoding

-D]_S CUS Slon Table 2. Empirical results for speeding up inference from a T3-
- XXL 11B model.
TASK M, TEMP a SPEED
ENDE T5-SMALL % 0 7 0.75 3.4X
. . ENDE T5-BASE 0 7 0.8 2.8X
¢ ngp“ng Uﬂb|C|S€d ENDE TS-LARGE 0 7 0.82 1.7X
ENDE T5-SMALL % 1 7 0.62 2.6X
ENDE T5-BASE ] 5 0.68 2.4X
R : 2 d ‘ ENDE TS5-LARGE | 3 0.71 1.4X
o
eq ulres MOAECIS CNNDM T5-SMALL % 0 5 0.65 3.1X
CNNDM T5-BASE 0 5 0.73 3.0X
CNNDM T5-LARGE 0 3 0.74 2.2X
- CNNDM T5-SMALL % 1 5 0.53 2.3X
- Only one guess verified CNNDM  T5-BASE I3 035 29X
CNNDM T5-LARGE 1 3 (.56 1.7X

English to German translation fine tuned
on WMT EnDe

Text summarization fine tuned on CCN/DM

Fast Inference from Transformers via Speculative Decoding, Levianthan 2023



Medusa

- Speculative decoding plus
. Veritying many guesses at once
- [ree attention

- Use same model to produce guesses
and verity
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1ree Attention
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- Example:
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- Mask attention to go back along tree Tree Mask

« Tree Mask

. Use FlexAttention

Medusa: Simple LLM Inference Acceleration Framework with Multiple Decoding Heads, Cai etal 2024

Key

4

L

4L

<

<

<




Medusa

cads

- K heads q(l). . .q(k) produce

independent probability of k-th next

word

. Chose top §;...5, per node

e Try all combinations
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Medusa - Results

Speedup on different model sizes
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Speedup on different categories for Vicuna-7B
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Speculative Decoding vs KV-Cache
Without KV-Cache

Generation: K x Single token Generation: K tokens
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K X O(N?) = O(KN?) O((N + K)?) ~ O(N?) + O(NK)
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Speculative Decoding vs KV-Cache
With KV-Cache

Generation: K x Single token Generation: K tokens
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Gains: K vs 1 forward calls
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Speculative decoding

%10 N

e

* Top-k Predictions

- Beautiful technical insights

« Gains diminish with KV-Cache
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Algorithm 1 SpeculativeDecodingStep

Inputs: M,, M,, prefiz.

¢ QJ|:€ tﬂCky tO |mp‘emeﬂt for bOtChed > Sample y guesses z; .~ from M, autoregressively.

for: =1to~vydo

| n-e (ence x; ~ g;(x)
end for
> Run M), in parallel.

pi(x),. .., pyr1(T)

C qi(z) « My(prefiz + [z1,...,2;1])

M, (prefix),...,My(prefix + [x1,...,2])
> Determine the number of accepted guesses 7.

ri~U(0,1),...,7, ~U(0,1)

nemin({i —1]1<i <y, > 28y {y))

qi(x)

> Adjust the distribution from M, if needed.

p’(.’l)) — Pn+1 (T)

if n < ~y then

p'(z) « norm(maz(0, pn+1(x) — gni1(2)))
end if
> Return one token from M, and n tokens from M.
t ~p'(z)
return prefiz + [z, ...,%n,
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