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e Self-consistency (SC) has been a widely

used decoding strategy for chain-of- .
thought reasoning. Despite bringing
significant performance improvements a

across a variety of multi-step reasoning
tasks, it is a high-cost method that Lo
requires multiple sampling with the preset
size. Taking MATH dataset as an example,
evaluating the entire test set with SC
(sampling size as 64) costs about 2000S
through GPT-4 API| !
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* We employ entropy as a representation of the answer distribution shape.
Figure shows the mean entropy value of correct and incorrect voting answer
within a window respectively, showing that distributions with correct one as
highest probability answer typically have much lower entropy values. It can be
a indicator to determine whether sampling should continue. Based on this, we
propose early-stopping self-consistency (ESC), truncating the sampling process
with low entropy window.

Robustness
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e We show how ESC behaves for GSM8K as the decoding sampling
temperature increases. Savings are consistent across different generation
temperatures.

 ESCis robust to p values for top-p sampling.

 ESC can generalize to zero-shot manner.

 The accuracy of ESC and SC with different groups of demonstrations. We
can see that ESC is robust to various demonstrations.
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Early-stopping Self-Consistency (ESC)
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Full process of ESC compared with original SC. We divide the large sample size into
several sequential small windows. Stop sampling when answers within a window
are all the same, i.e., the entropy score of predicted answer distribution is zero.

Control Scheme for ESC

E(Q) < Epenuqo (1~ pow(l = Putop, L/ /1)) X Qu(P) + pow(l = Putop, L/ /w) x Qu(P)

L//w—1
E(L) = EﬁeM(D) Z [(Pstop X POW(1 — Pstop,j) X j X w) +pow(1l — Pstop, L/ /w) X L] + wo

j=0

First, we sample w, times on the whole dataset. Based on the results of the first
observation window, we calculate the expected sampling cost and performance
under different settings of (w, L). Finally, considering the sampling budget and
performance requirements, we choose appropriate values of (w, L) based on the
respective expected values to execute ESC.

Results
MATH GSMS8K CSQA SQA Letter Coinflip
CoT 50.44 87.70 83.71 78.63 93.12 100.00
SC 60.32 89.29 87.18 81.67 95.00 /
GPT-4 E§C 60.32 89.29 87.18 81.70 94.98 (-0.02) /
L /
L-SC 59.98 89.07 86.49 81.40 94.59 /
CoT 35.53 75.83 74.17 67.66 80.50 83.74
GPT-3.5 SC 49 .97 85.69 78.10 75.90 83.21 99.54
Turb i ESC 49.96 0.01) 85.67 -0.02) 78.10 75.71 -0.19) 83.15 (-0.06) 99.49 (-0.05)
urbo 7
L-SC 49.79 84.82 77.67 75.07 82.74 98.67
CoT 5.09 18.07 65.28 46.23 14.87 54.74
I lama.? SC 7.68 21.75 67.70 63.15 23.32 59.13
B E§C 7.68 21.74 o.01) 67.68 (-0.02) 63.01 o0.19 23.32 58.99 (-0.14)
L
L-SC 7.68 21.52 66.97 61.19 23.11 58.11
Model Method 16 24 32 40 48 64
SC 58.92 59.40 59.77 59.95 60.07 60.31
GPT-4 ESC  58.92 59.40 59.77 59.95 60.07 60.31
L
GPT3.5 SC 47.34 48.48 49.02 49.40 49.65 49.96
' ESC  47.33 001y 48.49 49.02 4941 49.64 001y 49.96
Turbo A
L
Llama-? SC 7.10 7.28 7.40 7.45 7.54 7.70
B ESC 7.10 7.28 7.40 7.45 7.54 7.70
L
GPT-4: GSM8K GPT-3.5-Turbo: GSM8K Llama-2-7b: GSM8K
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There findings:
* ESCsignificantly reduces costs while barely affecting performance.
 ESCis a scalable decoding process across sampling and window size.

e Cost savings are positively correlated with performance.
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Analysis Conclusion
* We introduced a simple yet effective sampling process called early-stopping self-
Method 10 15 20 25 30 : : : : : : :
SC s s p—— . P consistency (ESC). By stopping the decoding process with high confident window,
ESC 6196 61.96 62.02 00 62.11 coony  62.15 (003 ESC greatly reduce the cost of SC without sacrificing performance.
L e A control scheme for ESC is further derivated to dynamically select the
performance-cost balance for different tasks and models, which requires no extra
Max sampling size 10 20 30 40 prior knowledge of model capabilities and task difficulty.
PHP w. SC 86.32 86.64 86.76 87.00 o e fn
PHP v ESC o6 3 R6.62 co0n  86.77 36.98 (000 The empirical resu!ts show thz.:\t E.S.C reduces t.he actu§l number of samples of chal.n
i of-thought reasoning by a significant margin on six popular benchmarks, while
I-PHP w. SC 36.02 36.290 36.32 36.35 attaining comparable performances. We also show control scheme for ESC can

ESC is suitable for PHP and open-ended generation tasks.

predict the performance-cost trade-off accurately across various tasks and models.
The additional evaluations indicate that ESC can robustly save cost considering

different decoding settings and prompts, and even on open-ended generation tasks.
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