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ABSTRACT

In inference acceleration of Large Language Models (LLMs), speculative decod-
ing is used to coordinate draft model and target model, i.e., sequences are gen-
erated at the draft model and then verified in parallel at the target model, where
the generation quality and speed of the draft model are the key issues. In this
paper, we find that in a token tree, most of the child tokens are grew by few par-
ent tokens with large probabilities in the low-entropy layer, and tokens with small
probabilities in deeper layers also have potential to be accepted. Based on these
observations, we propose WETAP, first constructing a token tree by determining
the width of the next layer based on the entropy of the previous layer, then pruning
it by considering both the probability and length of each token to retain the most
potential ones. Experiments show that the proposed WETAP improves generation
performance by up to 90% and furthermore increases up to 120% speed compared
to other SOTA methods.

1 INTRODUCTION

Nowadays, Large Language Models (LLMs), such as GPT, DeepSeek and LLaMA (Achiam et al.,
2023} [Liu et al.| [2024a}; |Touvron et al.,[2023), have demonstrated powerful reasoning and inference
ability, and have extended to every aspect of daily life (Kaplan et al., [2020; [Hoffmann et al., 2022}
Brown et al.l [2020). However, LLMs still have strict usage conditions because of their large-scale
weight matrices which present high requirements on devices and cost a lot of energy and time to
complete one inference (Dubey et al., 2024)). So the inference of LLMs is often impossible to be
realized with limited computational power.

In order to decrease the inference cost and latency, speculative decoding (Stern et al.| 2018} Xia
et al.,[2022; |Leviathan et al., 2023) incorporates a small draft model which is fast but performance-
limited and a large target model which is high-performing but slow to collaboratively complete an
inference leveraging their respective advantage. In each iteration, it first generates a draft sequence
with v tokens by the draft model sequentially, then employs the target model to verify this sequence
in parallel and sample a new token from the last accepted token’s probability distribution. With
only one forward pass of the target model and ~ forward passes of the draft model, it only takes
slightly more time than a single forward pass of the large model to generate at least one new token.
To further improve the generated length per iteration, in many methods (Miao et al.,[2024; |Lu et al.,
2024), each parent token can grow several child tokens per step to construct a token tree with many
layers and many positions (tokens) in one layer. If the number of tokens in the tree exceeds budget,
the tree will be pruned based on the probabilities of tokens (Wang et al., |2025} |Svirschevski et al.
2024).

However, the existing token tree construction methods simply fix the width of the token tree, ig-
noring the intrinsic relationship between the adjacent layers in the tree. In general, if tokens within
the same layer have more even probabilities, indicating that they are evenly important to grow child
tokens, then the width of the next layer should be larger so as more child tokens can be involved in it
to improve the acceptance rate because they may have relatively even probabilities to be accepted. In
contrast, if tokens within the same layer have more imbalanced probabilities, indicating that tokens
with higher probabilities are more important to grow child tokens, we can decrease the width just to
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ensure the coverage of child tokens of the more important parent tokens. In addition, the existing
methods prune the tree just by probability to approximate token’s target probability with the draft
one. The approximation works in shallow layers, but it ignores a fact that the degree of correlation
between the draft and target models will decrease as layer goes deeper, so retaining tokens with
high probabilities in deep layers may not be so helpful. On the contrary, tokens with relatively low
probabilities in deep layers may also have potential to be accepted.

Inspired by the above insights, in this paper we propose WETAP which constructs the token tree
in a dynamic way, then prunes it adaptively and verifies it from the deep layers to shallow layers.
When construction, we determine each layer’s width based on the entropy of the previous layer in a
proportional relationship. Then we prune it considering the composite score obtained by probability
and length. At last, we verify the tree based on cumulative probability of each beam instead of token
itself, so we can start verification from the deep to shallow layers and terminate it as long as at least
one token is accepted.

Our key contributions are:

* We empirically reveal the relationship between the entropy of the previous layer and growth
regularity of the next layer of the token tree in speculative decoding, and the degree of
correlation between the draft model and the target model in different layers.

* Building on above, we propose WETAP, a new algorithm that first dynamically constructs
a token tree whose width of each layer is determined by the entropy of the previous layer,
adaptively prunes it considering both probability and length, and verifies it from the deep
to shallow layers.

» Extensive experiments across various models and tasks demonstrate that WETAP consis-
tently improves generated length by up to 90% and furthermore increases up to 120% speed
while maintaining the lowest perplexity without any additional module and training, com-
pared to other SOTA methods.

2 RELATED WORKS

Speculative Decoding. Many methods try to improve acceleration speedup in speculative decoding,
for example, (1) substituting the draft model with smaller-scale modules (L1 et al., | 2024ajb; Cai et al.}
2024;|Zhang et al., [2024; |Cheng et al., 2025)), (2) improving speedup by self-speculation (Liu et al.,
2024b) or LayerSkip (Xia et al., 2025; Elhoushi et al., 2024, (3) exchanging information like key-
value cache or activation between two models to improve alignment (P S et al.,2024; Zimmer et al.}
2025)). In order to improve speedup while balancing the generation quality, EAGLE (Li et al.,[2024b)
substitutes the draft model with a trained module which inputs the integration of tokens and features
and iterates draft features while drafting. The methods (Zhang et al., 2024; Zimmer et al., 2025)
improve quality and speed by introducing on-policy training method or Cross-Attention modules.

Token Tree Construction. Many speculative decoding methods construct a draft token tree to be
verified by target model. Often the structure of the token tree is predetermined by manually setting
the shape or by specifying the width and length in advance (Cai et al., 2024} Luo et al., 2024;
Miao et al., 2024} Lu et al., [2024). The manually specified shape often prioritizes ones with high
probabilities to extend more beams and selects their child tokens with high probabilities to form the
next layer to ensure high acceptance rate. Given specific budget, some methods construct a token
tree first larger than budget, then prune it to budget (Wang et al., 2025; Svirschevski et al., [2024)).

In contrast, WETAP focuses the intrinsic relationship between adjacent layers in the token tree
and the degree of correlation between the draft and target model in different layers, and aims at
the sufficient and accurate exploration space of the draft model. WETAP first constructs the token
tree with dynamic width and more than budget and then adaptively prunes the tree considering the
potential of each token by its probability and length. It is worth noting that WETAP is in no need of
any extra module and training which saves extensive time and cost.
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Figure 1: Illustration of our WETAP in one iteration, which includes: (a) Constructing a tree with
width-entropy relationship. WETAP determines the width of each layer based on the entropy of the
previous layer in a proportional relationship. (b) Pruning the tree based on the length and probability
of each token. WETAP considers both probability and length to retain the most potential tokens in
the tree. (c) Verifying from deep to shallow layers. WETAP verifies the tree in terms of beam
instead of token, so it can verify from deep to shallow layers. If at least one token is accepted, the
verification will terminate. Then the generated tokens in this iteration will be updated to the input
for the next iteration.

3 METHODOLOGY

To improve acceptance rate and speed further, this section first introduces two observations and then
WETAP, an algorithm for constructing and reshaping a draft token tree for any input sequence and
then verifying it. Algorithm [I]in the Appendix illustrates the pseudo code of WETAP algorithm.

3.1 METHODOLOGY OBSERVATIONS
3.1.1 ACCEPTED NUMBER AT DIFFERENT POSITIONS

We investigate the potential of tokens to be accepted at different positions in different layers. For
example, we construct a token tree with length of 8 and width of 16, which means the token tree has
8 layers and each layer has 16 positions. If the token has a high probability, it will be at the upper
position, and vice versa. Then we study the accepted number of different position 1~16 in layer 1~8
on MT-Bench task as shown in Figure[2] As shown in the left one including all layers and positions,
most of accepted tokens are at the upper positions. However as shown in the right one including all
layers and last 10 positions, for the lower positions such as 6-16, its accepted number increases as
layer goes deeper, which demonstrates that tokens at lower positions of deep layers also have the
potential to be accepted. In conclusion, for the same layer, tokens at upper positions are easier to be
accepted. For the same position in different layers, tokens with relatively low probabilities are also
likely to be accepted in deep layers.

In addition, Figure [2] also demonstrates the degree of correlation between the draft model and the
target model. As layer goes deeper, the sum of accepted number of each position will decrease. It
can be summarized that the degree of correlation between two models will decrease with layer, so
approximating target probability with high draft probability in deep layers may not work effectively.
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Figure 2: Accepted number of all positions (left) and last 10 positions (right) in different layers.

3.1.2 RELATIONSHIP BETWEEN ENTROPY AND GROWTH REGULARITY

Then we explore the correlation between entropy and token’s growth regularity. As shown in Fig[3]
we can find that when at low entropy, child tokens of tokens with top-3 and top-6 probabilities in
the previous layer account for nearly 80% and 90% of tokens in the next layer. It demonstrates that
most of child tokens in the next layer are grown by just few parent tokens in the previous layer.
However as entropy increases, these proportions decrease. Therefore, it can be summarized that
when entropy increases, probabilities of tokens in one layer are distributed more evenly, so every
token has relatively even probability to grow child tokens in the next layer, which decrease the
proportions of child tokens of highest-ranked ones.
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Figure 3: Proportions of child tokens of top 3&6 tokens in the previous layer with low (0~0.3),
middle (0~0.6) and high (0.6~1) entropy.

3.2 DRAFT AND PRUNE SCHEME

3.2.1 CONSTRUCT DYNAMIC-WIDTH TREE

Given predefined budget number of draft tokens, commonly used methods construct a token tree
from scratch to the budget number. To improve the generated length, it is necessary to approximate
the target probabilities. Many researches (Svirschevski et al. 2024} [Wang et al.l 2025} [Li et al.,
2024a)) have found the high correlation between draft and target probability. After all, although draft
model can not match the performance of target model perfectly, it possesses a certain degree of
reasoning ability. So the goal is to construct a token tree 7, which has:

max Z fv), (1)
veT
where f(v) is the score of each token v in the tree:

f = II  pa), @)

veParent(v)
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where © is all parent tokens of v and p,(v) of the root token is 1, so f(v) is actually the cumulative
product probability of the beam for each token. To maximize the sum of each token’s cumulative
probability, tokens with top probabilities will be selected to form each new layer.

So width of each layer determining the number of selected token is important for the quality of each
layer. For example, configuring the width directly by dividing budget number by length restricts the
exploration space to a rather small range. In addition, fixed width of each layer fails to consider
the intrinsic relationship between adjacent layers. So we can enlarge the width first and configure it
specifically in each layer.

Given budget number and length, we can decide the enlarged range of width at first. But width
should not be too large because it may incur additional computation and time cost. As shown in
Fig|1} then we can specifically determine the width from the range based on the entropy H; of last
layer ¢. Based on the observation in Section [3.1.2] if probabilities of tokens in the previous layer
are even, they may have even probabilities to grow child tokens, so the width of next layer should
be enlarged to contain more tokens. On the contrary, if probability is entirely concentrated on few
tokens, child tokens of them may also have top probabilities, so width can be smaller to just ensure
their coverage. So entropy and width can be in a proportional relationship. However, tokens in the
same layer may not be from the same distribution, so they must be P/ normalized first:

p(;)

W, )
where p(x;) is the original probability and W; is the width of layer ¢, and then used to calculate the
entropy of layer ¢:

p'(x;) = €))

W
Hy == p(x:)logp/ (). )
=1

Then we can determine the width of layer ¢ 4+ 1 by H; and predefined width range W using a
proportional continuous mapping function:
Wt+1 - Wmin + (Wmax - Wmin) : (H;lorm)’Y’ (5)

where 7 is a continuous coefficient, Wi, and Wi« is the minimum and maximum width of range
W and H}°™ is the normalized entropy of tokens at layer ¢ ranging from O to 1:

Ho™ — min(l7 rnax((), 105{% )) 6)
When H°™ = 0 and H}°™ = 1, Wi 1=Wnin and Wi 1=Whax, respectively.

3.2.2 PRUNING BASED ON PROBABILITY AND LENGTH

As mentioned above, we should construct a token tree with the max sum of cumulative product
probabilities, so primary criterion for pruning is the probability. Some methods (Wang et al.| |2025}
Li et al., 2025) also point out the importance of shallow layers’ quality to the generated length.
However, just considering the probability will retain most of tokens in shallow layers or at the
upper positions in a layer and discard others, as the probability of a token in deep layers will be
multiplied cumulatively to be very small. But as layers go deeper, the degree of correlation between
the draft and target models will decrease, so just retaining tokens with high probabilities in deep
layers may not be very effective. So assuming that the tree structure with many beams has ensured
the acceptance rate of shallow layers, it is necessary to give more consideration to tokens with
relatively low probabilities in deep layers.

To consider tokens at lower positions in deep layers, the beam length can be also introduced as a
pruning factor. As shown in Figure the length of a token I, at the d-th layer is normalized to d/ D,
where D is the total length of the tree. To facilitate the weighted calculation of cumulative proba-
bility and length, the probability also needs to be normalized to a common range and a comparable
magnitude:
P — Pmin
DPmax — Pmin + € (7)
where € is a small constant to avoid division by zero. Then the criterion for pruning is defined as the
joint score of each token v, combining probability and length:

Score, = ap, + (1 —a)l, (®)
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where « is a predefined weight coefficient of length.

However, pruning by probability and length may result in an issue of selecting a token but ignoring
its parent tokens. The cumulative probability of a parent token is certainly larger than that of its
child, as the latter is derived by further multiplying the parent’s cumulative probability by its own
probability, so pruning just by probability will not lead to this issue. Therefore, if we prune the
token tree by probability and length, we need to supplement the omitted parent tokens first, which
will exceed the budget number. So we need to prune it again. We first prune the leaf tokens from
shallow to deep layers to minimize the impact on other tokens. If total number still exceeds the
budget, then we prune tokenss with lowest probabilities until the number of tokens satisfies the
budget. A simple example about pruning the token tree is provided in Appendix

3.3 VERIFY TREE FROM DEEP TO SHALLOW LAYERS

After constructing the token tree, we need to verify it. Target model uses different criteria and
verifies the tree token by token and layer by layer. A beam may be discarded because one of tokens
is rejected so that the subsequent tokens lose the opportunity to be verified. But research (Qin et al.,
2025b) has pointed out that verification can actually be performed on each beam rather than each
token so that rejection of preceding tokens will not propagate to subsequent ones with high quality.
In summary, we can accept a token based on:

H pa(0)
D€ Parent(v) o H pd(

H qd(ﬁ) dEParent(v) Qd(
v€Parent(v)

>

)
)

> T €))

>

Previously, we will accept a token if all of its parent tokens and itself are accepted, that is:

pa(d)
qa(?)
Now we do not need every token to satisfy this criterion, which will improve the acceptance rate. In
addition, these two criteria are not mutually inclusive, it is inappropriate to claim that one criterion

is more stringent than the other, so the sequences satisfying these two criteria respectively may not
exhibit substantial difference in quality.

T, Y0 € Parent(v). (10)

Based on the new criterion, we don’t need to verify the tree from shallow layers to deep ones.
Instead, we can directly verify any token with its parent tokens’ probabilities. Therefore, to decrease
the time, we propose a new method to start verification from the last layer to shallow ones as shown
in Fig|l} If at least one token is accepted, the verification will terminate; otherwise it will continue
to the previous layer. Among the accepted tokens in the same layer, the token with most cumulative
probability will be selected at last and then target model will sample a new token for the next draft
iteration.

4 EXPERIMENTS

4.1 EXPERIMENT SETUPS

Datasets and Models. In the main paper, we conduct experiments on various text generation tasks
to evaluate the effectiveness of our method, including MT-bench (Zheng et al., 2023, HumanEval
(Chen et al., 2021) and GSM8K (Cobbe et al.| [2021)). These tasks and datasets are representative
benchmarks for evaluation. We use TinyLLaMA-1.1B as draft model, LLaMA-2-7B and 13B as
target models respectively. More details can be found in Appendix [B.T]and Appendix

Training-free Baselines. We compare our method with other training-free speculative decoding
methods: Specinfer (Miao et al., [2024), DSBD (Qin et al., [2025a)), SpecExec (Svirschevski et al.
2024), MTAD (Qin et al., 2025b) and OPT-Tree (Wang et al., [2025). All the baselines and our
method utilize the same model pairs without any training or fine-tuning. For each method, we
generate 1024 new tokens for each input. All methods are stochastic with top-k and top-p sampling
with the temperature = 1. More hyper-parameter details can be found in Appendix
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Table 1: Comparison between our and other methods on MT-Bench, HumanEval and GSM8K. We
report mean generated length M, generation speed Speed (token/s) and perplexity PP L.

Models e MT-Bench HumanEval GSMSK Mean
M Speed PPL M  Speed PPL M  Speed PPL| M Speed PPL
SPECINFER 420 2695 122 487 2903 123 402 2604 139 | 436 2734 128
DSBD 373 2243 119 411 248 125 36 2188 135 | 381 2304 126
LLaMA.2.7B SPECEXEC 558 1927 134 5838 1980 142 57 1986 134 | 572 1964 137
MTAD 562 36 123 676 4369 120 556 356 121 | 598 3843 121
OPT-TREE 543 3095 349 634 4612 221 556 3924 308 | 578 4177 293
WETAP 702 4299 119 794 4818 117 707 4375 121 | 734 4497 119
SPECINFER 412 2289 119 501 2621 121 408 2232 125 | 440 2381 122
DsBD 356 1612 119 437 2055 121 359 1696 124 | 384 1788 121
SPECEXEC 563 1755 128 557 1711 153 545 1734 150 | 555 1733 144
LLaMA-2-13B MTAD 55 3043 119 69 38 117 543 3056 123 | 595 3300 120
OPT-TREE 537 3444 323 650 4041 186 562 3401 269 | 583 3629  2.59
WETAP 703 3780 LI8 796 4243 114 698 3732 L19 | 732 3908 L17

Evaluation Metrics. We first report two widely-used metrics for evaluation: mean generated length
M and generation speed (token/s). In addition to metrics mentioned above, we then utilize another
metric PPL to represent the generation quality and alignment between draft and target models.
Detailed descriptions of metrics above can be found in Appendix [B.4]

More additional experiments and ablation studies can be found in Appendix[C|

4.2 MAIN RESULTS

Now we evaluate the effectiveness and efficiency of our method WETAP with other speculative
decoding methods. Table[T] presents the comparison between them.

Effectiveness Analysis. In terms of effectiveness, WETAP outperforms other methods. It can
achieve a mean generated length per iteration of 7.34 for LLaMA-2-7B and 7.29 for LLaMA-2-
13B, which is 1.2x ~ 1.9x across models and tasks. Also it can maintain the lowest perplexity,
which is far below OPT-Tree and slightly below others. The higher consistency mainly comes from
the larger and more accurate draft exploration space and the comprehensive pruning method to retain
the most potential tokens. Also, the verification focusing on a beam instead of a single token may
accept a sequence which other methods may reject because of part of tokens.

Efficiency Analysis. In terms of efficiency, WETAP shows superior efficiency over most of other
methods, achieving generation speedup of 1.2x ~ 2.2x, and slightly outperforms OPT-Tree. Al-
though the generation speed of WETAP is just marginally higher than OPT-Tree, OPT-Tree sac-
rifices quality for faster speed, which may not be optimal in real-world generation where quality
and efficiency are both essential. On the contrary, WETAP is more comprehensive simultaneously
improving speed and quality. The efficiency advantage of WETAP while not sacrificing quality is
driven by the high alignment between draft and target models.

4.3 ABLATION STUDY

To provide more insights into two strategies about constructing and pruning the token tree, we
conduct the ablation study. We denote WETAP without dynamic width construction as WETAP w/o
dynamic width tree and WETAP without adaptive pruning as WETAP w/o prob+len pruning.

Table 2: Ablation results of speed of WETAP on MT-Bench, HumanEval and GSM8K datasets.
(unit: tokens/s)

Methods MT-Bench HumanEval GSMSK
LLaMA-2-7B LLaMA-2-13B  LLaMA-2-7B  LLaMA-2-13B LLaMA-2-7B  LLaMA-2-13B
WETAP w/o dynamic width tree 40.03 36.03 43.67 41.85 39.09 36.04
WETAP w/o prob+len pruning 40.32 36.33 47.53 41.87 42.55 34.64
WETAP 42,99 37.80 48.18 4243 43.75 37.32

WETAP w/o dynamic width tree constructs the token tree with fixed maximum width 128 of the
width range and WETAP w/o prob+len pruning prunes the token tree just based on probability. We
conduct experiments of speed on three tasks with two different target models. As shown in Table
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WETAP always achieves the best generation speed. WETAP w/o dynamic width tree achieves the
worst speedup, which indicates the importance of accurately allocating the construction resources
of the tree to where they are needed most. Also the inferior performance of WETAP w/o prob+len
pruning exhibits the effectiveness of retaining potential tokens in deep layers to improve the speed
further.

4.4 CASE STUDIES

4.4.1 DYNAMIC AND FIXED WIDTH
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Figure 4: Comparison between fixed and dynamic width with LLaMA-2-13B.

In the main experiments, we set the width range W € [16, 128] because larger width may instead
decrease the speed because of additional cost. So to provide more insights into the width-entropy
constructing strategy, we conduct the ablation study about dynamic and fixed width. We select some
widths {16, 32, 64, 128} from the range including the minimum and the maximum width, and two
middle values. As shown in Figure ] speed will mostly increase with width because it provides
larger exploration space to construct a token tree. However the increase is not stable because larger
width may incur more computation and time cost. It is worth noting that our method always achieves
the best speedup, demonstrating that actually some layers can be accepted with a relatively small
width, but some layers may need large ones. So precisely determine the width of each layer based
on its condition can save cost while ensuring sufficient and accurate exploration space. Another case
study about different width ranges can be found in Appendix [C.2]

4.4.2 SENSITIVE ANALYSIS OF CONTINUOUS COEFFICIENT

Table 3: v € {0.2,0.5,1,1.2, 2, 4, 8} for different tasks with
LLaMA-2-13B. (unit:tokens/s)

v  MT-Bench HumanEval GSMSK

0.2 36.18 42.09 36.60
0.5 33.54 41.55 37.32
1 35.34 41.53 34.80
1.2 37.80 42.43 35.82
2 36.82 41.17 34.43
4 34.43 38.93 36.49
8 33.91 41.75 35.32

We carry out an exploration of continuous coefficient v in the mapping function from entropy to
width. As +y is the power of H**"™ ranging from O to 1, if ~y is less than 1, (thorm)’Y will be
larger and so as Wy to get closer to W, aggressively. On the contrary, if 7 is more than
1 and becomes larger, W, will become smaller to get closer to W,,;, conservatively. So we
conduct some experiments to see the effect of different v values € {0.2,0.5,1,1.2,2,4, 8} which
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represent different degrees of aggressiveness. As shown in Table [3] setting  as 1.2 can achieve
the best acceleration for MT-Bench and HumanEval, and 0.5 for GSM8K. The results demonstrate
that a relatively balanced mapping from entropy to width is important. Neither too aggressive nor
conservative mapping will lead to the performance degradation.

4.4.3 SENSITIVE ANALYSIS OF WEIGHT COEFFICIENT
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Figure 5: Performance of WETAP when « ranges from 0 to 1 at intervals of 0.1.

We also investigate the impact of weight coefficient o on the performance of WETAP. Figure [3]
presents results of three metrics using LLaMA-2-13B as the target model on HumanEval task when
« ranges from 0 to 1 at intervals of 0.1. Three metrics fluctuate as o changes, so we can find that
« and performance do not demonstrate a significant (inversely) proportional relationship. However,
when « equals 0.6, three metrics all achieve the best performance. It indicates that both probability
and length are essential for the evaluation of a token, so the weight coefficient should be balanced
to guarantee their joint contributions.

5 CONCLUSION

In this work, we introduce WETAP, a dynamic and comprehensive algorithm that first constructs a
token tree in a method which establishes a joint consideration of width and entropy between adjacent
layers, then prunes it from a more comprehensive perspective to retain the most potential tokens
and at last verifies it from deep to shallow layers in terms of beam instead of token. This method
can improve performance and efficiency further not requiring any additional module or training.
Extensive experiments have demonstrated its superior performance on generated length, speed and
perplexity across different models and tasks.

LLM USAGE STATEMENT

The authors conceived, designed, and carried out this work. A Large Language Model was em-
ployed solely for copy-editing the author-written drafts, including grammar, phrasing, and minor
formatting.

ETHICS STATEMENT

All datasets and models we use in the experiments are open-source and publicly released, and no
private information is involved in datasets. The scientific observations and experimental results are
available with permissive licenses.

REPRODUCIBILITY STATEMENT

All results reported in this paper are reproducible, and the Supplementary Material contains all
necessary codes to replicate them. Experiment setups are discussed in Section .1 and Appendix [B]
including the configuration of datasets, models and hyper-parameters.



Under review as a conference paper at ICLR 2026

REFERENCES

Josh Achiam, Steven Adler, Sandhini Agarwal, Lama Ahmad, Ilge Akkaya, Florencia Leoni Ale-
man, Diogo Almeida, Janko Altenschmidt, Sam Altman, Shyamal Anadkat, et al. Gpt-4 technical
report. arXiv preprint arXiv:2303.08774, 2023.

Tom Brown, Benjamin Mann, Nick Ryder, Melanie Subbiah, Jared D Kaplan, Prafulla Dhariwal,
Arvind Neelakantan, Pranav Shyam, Girish Sastry, Amanda Askell, et al. Language models are
few-shot learners. Advances in neural information processing systems, 33:1877-1901, 2020.

Tianle Cai, Yuhong Li, Zhengyang Geng, Hongwu Peng, Jason D Lee, Deming Chen, and Tri Dao.
Medusa: Simple llm inference acceleration framework with multiple decoding heads. In Forty-
first International Conference on Machine Learning, 2024.

Mark Chen, Jerry Tworek, Heewoo Jun, Qiming Yuan, Henrique Ponde De Oliveira Pinto, Jared
Kaplan, Harri Edwards, Yuri Burda, Nicholas Joseph, Greg Brockman, et al. Evaluating large
language models trained on code. arXiv preprint arXiv:2107.03374, 2021.

Yunfei Cheng, Aonan Zhang, Xuanyu Zhang, Chong Wang, and Yi Wang. Recurrent drafter for fast
speculative decoding in large language models, 2025.

Karl Cobbe, Vineet Kosaraju, Mohammad Bavarian, Mark Chen, Heewoo Jun, Lukasz Kaiser,
Matthias Plappert, Jerry Tworek, Jacob Hilton, Reiichiro Nakano, et al. Training verifiers to
solve math word problems. arXiv preprint arXiv:2110.14168, 2021.

Abhimanyu Dubey, Abhinav Jauhri, Abhinav Pandey, Abhishek Kadian, Ahmad Al-Dahle, Aiesha
Letman, Akhil Mathur, Alan Schelten, Amy Yang, Angela Fan, Anirudh Goyal, Anthony
Hartshorn, Aobo Yang, Archi Mitra, Archie Sravankumar, Artem Korenev, Arthur Hinsvark,
Arun Rao, Aston Zhang, Aurélien Rodriguez, Austen Gregerson, Ava Spataru, Baptiste Roziere,
Bethany Biron, Binh Tang, Bobbie Chern, Charlotte Caucheteux, Chaya Nayak, Chloe Bi, Chris
Marra, Chris McConnell, Christian Keller, Christophe Touret, Chunyang Wu, Corinne Wong,
Cristian Canton Ferrer, Cyrus Nikolaidis, Damien Allonsius, Daniel Song, Danielle Pintz, Danny
Livshits, David Esiobu, Dhruv Choudhary, Dhruv Mahajan, Diego Garcia-Olano, Diego Perino,
Dieuwke Hupkes, Egor Lakomkin, Ehab AlBadawy, Elina Lobanova, Emily Dinan, Eric Michael
Smith, Filip Radenovic, Frank Zhang, Gabriel Synnaeve, Gabrielle Lee, Georgia Lewis Anderson,
Graeme Nail, Grégoire Mialon, Guan Pang, Guillem Cucurell, Hailey Nguyen, Hannah Korevaar,
Hu Xu, Hugo Touvron, Iliyan Zarov, Imanol Arrieta Ibarra, Isabel M. Kloumann, Ishan Misra,
Ivan Evtimov, Jade Copet, Jaewon Lee, Jan Geffert, Jana Vranes, Jason Park, Jay Mahadeokar,
Jeet Shah, Jelmer van der Linde, Jennifer Billock, Jenny Hong, Jenya Lee, Jeremy Fu, Jianfeng
Chi, Jianyu Huang, Jiawen Liu, Jie Wang, Jiecao Yu, Joanna Bitton, Joe Spisak, Jongsoo Park,
Joseph Rocca, Joshua Johnstun, Joshua Saxe, Junteng Jia, Kalyan Vasuden Alwala, Kartikeya
Upasani, Kate Plawiak, Ke Li, Kenneth Heafield, Kevin Stone, and et al. The llama 3 herd of
models. arXiv preprint arXiv:2407.21783, 2024.

Mostafa Elhoushi, Akshat Shrivastava, Diana Liskovich, Basil Hosmer, Bram Wasti, Liangzhen Lai,
Anas Mahmoud, Bilge Acun, Saurabh Agarwal, Ahmed Roman, Ahmed A. Aly, Beidi Chen, and
Carole-Jean Wu. Layerskip: Enabling early exit inference and self-speculative decoding. In
Proceedings of the 62nd Annual Meeting of the Association for Computational Linguistics (ACL),
2024.

Chenghao Fan, Zhenyi Lu, and Jie Tian. Chinese-vicuna: A chinese instruction-following llama-
based model. arXiv preprint arXiv:2504.12737, 2025.

Jordan Hoffmann, Sebastian Borgeaud, Arthur Mensch, Elena Buchatskaya, Trevor Cai, Eliza
Rutherford, Diego de las Casas, Lisa Anne Hendricks, Johannes Welbl, Aidan Clark, Tom Henni-
gan, Eric Noland, Katherine Millican, George van den Driessche, Bogdan Damoc, Aurelia Guy,
Simon Osindero, Karen Simonyan, Erich Elsen, Oriol Vinyals, Jack William Rae, and Laurent
Sifre. An empirical analysis of compute-optimal large language model training. In Alice H. Oh,
Alekh Agarwal, Danielle Belgrave, and Kyunghyun Cho (eds.), Advances in Neural Information
Processing Systems, 2022.

10



Under review as a conference paper at ICLR 2026

Jared Kaplan, Sam McCandlish, Tom Henighan, Tom B. Brown, Benjamin Chess, Rewon Child,
Scott Gray, Alec Radford, Jeff Wu, and Dario Amodei. Scaling laws for neural language models.
arXiv preprint arXiv:2001.08361, 2020.

Yaniv Leviathan, Matan Kalman, and Yossi Matias. Fast inference from transformers via speculative
decoding. In International Conference on Machine Learning, pp. 19274-19286. PMLR, 2023.

Jinze Li, Yixing Xu, Haiduo Huang, Xuanwu Yin, Dong Li, Edith C. H. Ngai, and Emad Barsoum.
Gumiho: A hybrid architecture to prioritize early tokens in speculative decoding. In Forty-second
International Conference on Machine Learning, 2025.

Yuhui Li, Fangyun Wei, Chao Zhang, and Hongyang Zhang. Eagle-2: Faster inference of language
models with dynamic draft trees. In Proc. Conf. Empir. Methods Nat. Lang. Process., 2024a.

Yuhui Li, Fangyun Wei, Chao Zhang, and Hongyang Zhang. Eagle: Speculative sampling requires
rethinking feature uncertainty. In Forty-first International Conference on Machine Learning,
2024b.

Aixin Liu, Bei Feng, Bing Xue, Bingxuan Wang, Bochao Wu, Chengda Lu, Chenggang Zhao,
Chengqi Deng, Chenyu Zhang, Chong Ruan, et al. Deepseek-v3 technical report. CoRR, 2024a.

Fangcheng Liu, Yehui Tang, Zhenhua Liu, Yunsheng Ni, Duyu Tang, Kai Han, and Yunhe Wang.
Kangaroo: Lossless self-speculative decoding for accelerating LLMs via double early exiting. In
The Thirty-eighth Annual Conference on Neural Information Processing Systems, 2024b.

Xiaofan Lu, Yixiao Zeng, Marco Levorato, Feiyang Ma, and Zixu Yu. Improving multi-candidate
speculative decoding. In Proceedings of the 4th NeurIPS Efficient Natural Language and Speech
Processing Workshop, 2024.

Xianzhen Luo, Yixuan Wang, Qingfu Zhu, Zhiming Zhang, Xuanyu Zhang, Qing Yang, Dongliang
Xu, and Wanxiang Che. Turning trash into treasure: Accelerating inference of large language
models with token recycling. CoRR, 2024.

Xupeng Miao, Gabriele Oliaro, Zhihao Zhang, Xinhao Cheng, Zeyu Wang, Zhengxin Zhang, Rae
Ying Yee Wong, Alan Zhu, Lijie Yang, Xiaoxiang Shi, et al. Specinfer: Accelerating large lan-
guage model serving with tree-based speculative inference and verification. In Proc. ACM Int.
Conf. Archit. Support Program. Lang. Oper. Syst., volume 3, pp. 932-949, 2024.

Aishwarya P S, Pranav Ajit Nair, Yashas Samaga B L, Toby James Boyd, Sanjiv Kumar, Prateek
Jain, and Praneeth Netrapalli. Tandem transformers for inference efficient LLMs. In Int. Conf.
Mach. Learn., 2024.

Zongyue Qin, Zifan He, Neha Prakriya, Jason Cong, and Yizhou Sun. Dynamic-width speculative
beam decoding for llm inference. In Proc. AAAI Conf. Artif. Intell., volume 39, pp. 25056-25064,
2025a.

Zongyue Qin, Ziniu Hu, Zifan He, Neha Prakriya, Jason Cong, and Yizhou Sun. Optimized multi-
token joint decoding with auxiliary model for LLM inference. In The Thirteenth International
Conference on Learning Representations, 2025b.

Mitchell Stern, Noam Shazeer, and Jakob Uszkoreit. Blockwise parallel decoding for deep autore-
gressive models. In Adv. Neural Inf. Process. Syst., 2018.

Ruslan Svirschevski, Avner May, Zhuoming Chen, Beidi Chen, Zhihao Jia, and Max Ryabinin.
Specexec: Massively parallel speculative decoding for interactive 1lm inference on consumer de-
vices. Adv. Neural Inf. Process. Syst., 37:16342—-16368, 2024.

Hugo Touvron, Thibaut Lavril, Gautier Izacard, Xavier Martinet, Marie-Anne Lachaux, Timothée
Lacroix, Baptiste Roziere, Naman Goyal, Eric Hambro, Faisal Azhar, et al. Llama: Open and
efficient foundation language models. arXiv preprint arXiv:2302.13971, 2023.

Jikai Wang, Yi Su, Juntao Li, Qingrong Xia, Zi Ye, Xinyu Duan, Zhefeng Wang, and Min Zhang.
Opt-tree: Speculative decoding with adaptive draft tree structure. Trans. Assoc. Comput. Linguist.,
13:188-199, 2025.

11



Under review as a conference paper at ICLR 2026

Heming Xia, Tao Ge, Peiyi Wang, Si-Qing Chen, Furu Wei, and Zhifang Sui. Speculative de-
coding: Exploiting speculative execution for accelerating seq2seq generation. arXiv preprint
arXiv:2203.16487, 2022.

Heming Xia, Yonggqi Li, Jun Zhang, Cunxiao Du, and Wenjie Li. SWIFT: On-the-fly self-speculative
decoding for LLM inference acceleration. In The Thirteenth International Conference on Learn-
ing Representations, 2025.

Lefan Zhang, Xiaodan Wang, Yanhua Huang, and Ruiwen Xu. Learning harmonized representations
for speculative sampling. In The Thirteenth International Conference on Learning Representa-
tions, 2024.

Lianmin Zheng, Wei-Lin Chiang, Ying Sheng, Siyuan Zhuang, Zhanghao Wu, Yonghao Zhuang,
Zi Lin, Zhuohan Li, Dacheng Li, Eric Xing, et al. Judging llm-as-a-judge with mt-bench and
chatbot arena. Adv. Neural Inf. Process. Syst., 36:46595-46623, 2023.

Matthieu Zimmer, Milan Gritta, Gerasimos Lampouras, Haitham Bou Ammar, and Jun Wang. Mix-
ture of attentions for speculative decoding. In The Thirteenth International Conference on Learn-
ing Representations, 2025.

12



Under review as a conference paper at ICLR 2026

A

PSEUDO CODE OF WETAP

Here, we give the whole algorithm of our WETAP in detail in Algorithm|[I]

Algorithm 1 One Iteration of WETAP Algorithm

Input: draft model M, target model M, input prefix x, tree length L, width range W, budget
number B, continuous coefficient vy, weight coefficient «, threshold 7.

> First construct a token tree 7 with dynamic width and length of L.
T+ x # Initialize the tree with input
for: =1to L do
ifi=1 then
Wi < Wiin # Width of the first layer is the minimum W,,;,
else
W; + GetWidth(Hi_l, Wi—h VV, ’y)
end if
g < My(x+ [x1,...,%-1])
X;, q; < BeamSample(q;, W;) # Select specified number from the distribution
T+ T+ Xi
q!°™ « Norm(q;)
H; < GetEntropy(q;°™)

: end for

: > Then prune the token tree to budget number B by probability and length.

: if |T| > B then
fori=1to L do ‘
score; = aq; + (1 — o)1 # Calculate the composite score of token
end for
T < PruneTree(7, score)
: end if
: > Last verify the tree from deep layers to shallow ones.
s P+ My(T)
c -1

: fori=Ltoldo

accept < 0
for j = 1to |x;| do
> Calculate the cumulative probability of draft and target model.
p — p* Pparent; q A q* qparem
if min(1, %) > 7 then
accept <— accept+1
if x; > 7 then
N T
end if
end if
end for
if accept > 0 then
> If at least one token is accepted, terminate the verification.
Break
end if

: end for

Zp/<—Pn+1
ct~p

: return (21, ...,y 1]
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B EXPERIMENTAL SETUPS

B.1 DATASET CONFIGURATIONS

Our experiments mainly evaluate the effectiveness and efficiency of WETAP on different categories
of tasks including multi-round dialogue, mathematical reasoning and code programming. Specifi-
cally, we choose MT-Bench (Zheng et al.| [2023)) which includes diverse open-ended dialogue ques-
tions to evaluate conversational ability of models, HumanEval (Chen et al., [2021)) which includes
hand-written programming problems to evaluate the coding generation and functional correctness,
and GSMS8K (Cobbe et al.,[2021)) which includes grade-school math problems to evaluate the arith-
metic and reasoning ability. The maximum generation lengths for these three tasks are all 1024.
Although the final sequence length is generally less than 1024, we expect models to generate a
complete response, similar to how it is expected to perform in the real world.

B.2 MODEL CONFIGURATIONS

We conduct our experiments on LLaMA-2 series (Touvron et al.l[2023) choosing TinyLLaMA-1.1B
as draft model and LLaMA-2-7B and LLaMA-2-13B as target models. In our experiments, all
models are loaded in the precision of float-16. Our WETAP directly use these models with no need
of any additional module, training and fine-tuning.

B.3 EVALUATION METRICS

We mainly use mean generated length M, generation speed Speed and perplexity PPL as the eval-
uation metrics. Specifically, the mean generated length M refers to the average number of output
tokens per iteration, including the accepted tokens from the draft model and a new token sampling
from the target model at last. Generation speed represents how many tokens are generated per sec-
ond, reflecting the respective speed of draft and target models and the alignment between them. Last,
perplexity PPL is calculated by:

1 n
PPL(21) = exp (n ; 0g Parger (1 | x<i>> : (1n
where 1., is the final sequence and Py is the probability distribution of the target model. Al-
though the final sequence is accepted by the target model, it may not be the best one, so PPL can
represent the uncertainty of the target model to the sequence to evaluate the alignment between two

models.

B.4 INFERENCE SETUP

All experiments are conducted in a machine with 1 Nvidia L20 GPU (48GB), 4 CPUs and 100GB
main memory. All models are employed on this L20 with enough computational power and memory.
For inference, we use batch size of 1, which is more consistent with actual deployment condition
and is commonly used in other speculative decoding methods. When comparing with other SOTA
methods, we use the same model configuration and device usage for fairness.

For experimental hyper-parameters, we set top-K as 10 and fop-P as 0.9 to select tokens with top
probabilities. Then we set the size of the token tree as 64 and length of the tree as 8 for the con-
venience of calculating the width. For other methods configuring the fixed width, the width of the
token tree is 8. For DSBD (Qin et al., [2025a), we set the expected number of each layer as 1 to
ensure the consistency of verification. For Speclnfer, we configure the shape of the tree like a fork
where each token must have one and only one child token.

C MORE EXPERIMENT RESULTS

C.1 EVALUATION RESULTS OF VICUNA-7B AND VICUNA-13B

To demonstrate the applicability of WETAP, we provide more evaluation results of Vicuna-7B and
Vicuna-13B (Fan et al., [2025). We also compare WETAP with the same SOTA methods in Sec-
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Table 4: Comparison between our and other methods on MT-Bench, HumanEval and GSM8K. We
report mean generated length M, generation speed Speed (token/s) and perplexity PP L.

Models I MT-Bench HumanEval GSMSK Mean

M  Speed PPL M  Speed PPL M  Speed PPL | M  Speed PPL

SPECINFER 4.57 3038 130 5.64 37.23 1.32 335  21.73 1.87 452 2978 1.50

DsBD 379 2354 130 448 2743 134 249 1540 173 | 359 2212 146

Vicuna-7B SPECEXEC 523 18.09 1.54 533 1823 176 446 1585 198 | 501 1739  1.76
MTAD 6.21 40.62 1.29  7.57 4820 120 5.66  36.66 1.39 648  41.83 1.29

OPT-TREE 474 4099 447 484 4081 404 371 3584 701 | 443 3921 517

WETAP 7.53 4562 125 794 4921 117 7.07 4324 121 | 751 4568 1.21

SPECINFER 432 2497 131 571 3263 129 408 2232 1.25 | 470 2664  1.28

DsBD 3.65 19.60 129 461 2441 1.30 290 1563 1.56 | 372 19.88 1.38

Vicuna-13B SPECEXEC 5.61 16.86 1.45 5.81 17.77 1.58 479 15.15 1.80 5.40 16.59 1.61
MTAD 591 3331 126 748 4138  1.17  6.05 34.02 126 | 648 3624  1.23

OPT-TREE 491 3545 323 650 4041 1.86 426 31.56 548 | 522 3581 3.52

WETAP 729 3884 126 847 4516 114 698 3750 119 | 7.58 40.50 1.20

tion #.2] on MT-Bench, HumanEval and GSM8K tasks and evaluate three metrics: mean generated
length M, generation speed and perplexity PPL of target model to the finale sequence. As shown
in Table @] WETAP achieves the best performance on three metrics. In specific, WETAP achieves
the mean generated length of 7.51 for Vicuna-7B and 7.58 for Vicuna-13B, which is 1.2x ~ 2.1x
across models and tasks. In addition, WETAP can also achieve the best speedup by 1.1x ~ 2.4x
compared to other methods. Also the perplexity of WETAP is the lowest among them. In sum-
mary, WETAP can also achieve the best generated length, speed and perplexity with Vicuna-7B and
Vicuna-13B, demonstrating its applicability to other models.

C.2 DIFFERENT WIDTH RANGES
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Figure 6: Comparison about different width ranges with LLaMA-2-13B.

In Sectionf4.2] the width range W € [16, 128]. The results in Section[4.4.1|demonstrate that a proper
minimum width can ensure the sufficient exploration space of the token tree, and an appropriate
maximum width does not incur additional computational overhead. So in this section, we will
further explore the impact of different width ranges to the speed of WETAP. On the basis of the
original range, we will change the minimum or the maximum value respectively or simultaneously.
So the new ranges include: [16, 64], [32, 64], [32,128], [16, 256] and [32, 256], and the averages of
these ranges show an increasing trend. As shown in Figure[6] actually the speed may not increase as
the width range increases. In contrast, a proper width range [16, 128] which is configured in WETAP
can achieve the best performance across all tasks. Although a larger width range can determine a
larger width for each layer, it can not allocate the construction resources accurately. It enlarges the
exploration space by just increasing each layer’s width directly, but ignores the specific condition of
each layer. On the contrary, a larger width may incur more computational overhead and time cost
because the draft model needs to complete the forward pass of all tokens in parallel. So a width
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range with proper minimum and maximum value can enlarge the exploration space sufficiently to
improve speed while not incurring extra overhead.

C.3 DRAFT SEQUENCE LENGTH

We investigate the impact of draft sequence length to the generation speed. In addition to the draft
sequence length of 8 configured in WETAP, we conduct experiments on other lengths which ranges
from [4, 10].

Table 5: Draft Sequence Length for different tasks with
LLaMA-2-13B. (unit:tokens/s)

Length MT-Bench HumanEval GSMSK

4 35.35 39.48 37.08
5 37.17 40.26 37.23
6 35.40 41.71 35.23
7 37.07 41.53 35.65
8 37.80 42.43 37.32
9 35.95 41.72 34.78
10 34.98 40.14 35.33

As shown in Table [5] the sequence length of 8 can achieve the best speed performance across all
tasks. When sequence length is too small, it takes many iterations to achieve the max generation
length or the end token, which may waste extra time. When sequence length is too large, because
of the decrease in the degree of correlation between draft and target models, they instead incur extra
draft time while not helpful to improve the generated length and speed. So the sequence length of 8
is an appropriate length to ensure sufficient acceptance and not to incur additional overhead.

C.4 WEIGHT COEFFICIENT FOR MT-BENCH AND GSM8K
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Figure 7: Weight Coefficient o for MT-Bench and GSM8K with LLaMA-2-13B.

In Section[4.4.3] we conduct experiments to analyze the effects of different weight coefficient o on
HumanEval task. In this section, we further explore the impact of  on MT-Bench and GSM8K
tasks. As shown in Figure [/} speed achieves the best when « is 0.3 for MT-Bench and 0.6 for
GSMB8K. Results both demonstrate a relatively balanced weight coefficient « can lead to the best
performance regardless of whether probability or length takes the leading role in the weighted com-
putation.

D A SIMPLE PRUNING EXAMPLE

In this section, we provide a simple example about pruning a token tree. We configure the length of
the tree as 4, width range W € [3, 6] and the budget number as 12. As shown in the top left corner
of Figure @ we first construct a token tree with dynamic width, where the width of each layer is
3, 5,4, 4. It is worth noting that the order of tokens in the same layer is not increasing from top
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Figure 8: A simple example about pruning a token tree.

to bottom, but rather increasing with respect to their probabilities. For example, token 7 is under
token 8 because of the orders of their parent tokens, but the probability of token 7 is higher than the
probability of token 8.

Now the number of tokens is 16 which exceeds the budget number 12, so we need to prune the token
tree. We first prune the tree to budget as shown in the top right corner. Now all parent tokens 2, 3, 7
of token 5, 6, 11 respectively are omitted, so they need to be supplemented to the tree as shown in
the bottom right corner. As the number exceeds the budget again, so we need to prune it again. We
first discard leaf tokens from shallow to deep layers such as the token 12. If the number still exceeds
the budget, we will discard the tokens with lowest probabilities such as tokens 15 and 16. At last,
we get the final token tree as shown in the bottom left corner.
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