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Figure 10: Cumulative average accuracy (blue) and cost (red) of CaMVo (kp,i, = 1) on the AG News
Classification Dataset across rounds for various confidence thresholds §. The green line marks each
d-specific target accuracy.

CCaM Vo differs from CaMVo by incorporating three additional components. The first is an online
correlation estimator (Algorithm [3), which incrementally estimates pairwise correlations between
LLM accuracies as new rounds of predictions arrive. Let ;; and o; denote the empirical mean and
standard deviation of LLM [;’s historical accuracy, respectively, and let C' denote the estimated
correlation matrix across LLMs. For each LLM, the algorithm maintains running counts n;, the
number of times LLM ; has been selected up to that round. Further, for each pair (i, j) of LLMs,
N;;, the co-occurrence counts that designate the number of times LLMs [; and [; have been selected
at the same round; and M;;, the accumulated deviation statistics, are maintained. At each round, it
updates the univariate statistics (u;, ;) for selected LLMs and adjusts the terms M;; using Welford’s
numerically stable online formulas. Pairwise correlations are computed as p;; = cov;;/(0;0;) where
cov;j = M;j/(N;; — 1) and clipped to [—1, 1] for numerical stability.

The second component (Algorithm [)) uses these estimated correlations to generate correlated LLM
correctness samples via a Gaussian copula. Specifically, we first project the estimated correlation
matrix Cey to a positive semi-definite matrix Cpsq and draw n samples Z1, . .., Z, ~ N (0x, Cps)-
Applying the standard normal CDF elementwise yields uniform samples U;; = ®(Z;;), which pre-
serve the dependence structure of Clsq. Binary correctness samples are then obtained by thresholding
each variable as X;; = 1 {U;; < u;}, ensuring marginal correctness probabilities of ;. While the
binary correlations differ slightly from Cpq due to thresholding, this approximation offers a practical
trade-off between accuracy and computational efficiency.
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Figure 11: Mean (solid lines) and one-standard-deviation bands (shading) of CaMVo’s cumulative
average accuracy (blue) and cost (red) over 20 random shuffles using the AG News Classification
Dataset (5 = 0.99, ki, = 1). The green line indicates the accuracy target of 95.14% for § = 0.995.
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Figure 12: Cumulative average accuracy (blue) and cost (red) of CaMVo with 6 = 0.99, ki, = 1
under nine different random permutations of the dataset. The green line marks each §-specific target

accuracy.

Finally, CCaM Vo estimates the confidence of each LLM subset by aggregating majority-vote correct-
ness outcomes across the generated samples, averaging over simulated draws to approximate subset
confidence. The remaining components of CCaM Vo follow the same structure as CaM Vo, preserving
its efficiency while enabling robust confidence estimation under correlated LLM outputs.

We evaluated CCaMVo using the same experimental setup as CaMVo. On the MMLU dataset,

Table

for kmin = 1, and Table

p
Classification Dataset, Tablg)h

results for ki, = 3.

3970

10| compares CaM Vo and CCaM Vo for ki, = 1 across varying confidence thresholds §, while
Table |1 1| shows the results for ki, = 3. Similarly, for the IMDB dataset, Tablerepons results
resents the corresponding results for k,;, = 3. For the AG News
reports results for ki, = 1, and Table[I3]presents the corresponding
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Algorithm 3 OnlineCorrelationEstimator

Require: Number of variables K
1: Initialize ny < 0, g, < 0,0, < Oforallk =1,... K
2: Initialize M;; < 0, N;; < 0, and correlation matrix C;; < I[i = j]
3: function UPDATE(r, A)
> — Step 1: Update univariate statistics —

4 foralli € Ado

5: Old_/LZ' — Wy

6: Nng < N, —+ 1

7: 0 < r; —old_p;

8: Mg <— Old_,LLi + 5/nl

9: M = M + (ri — i) (ri — old_pu;)
10: if n; > 1 then

11: O; Mii/(ni—l)
12: else

13: g; <0

14: end if

15: end for
> — Step 2: Update pairwise covariance and correlation —
16: for all unordered pairs (i, 7) in A do

17: 0; 1 — i, (Sj STy

18: MU — Mij + 51 5j

19: sz — M”

20: Nij — Nij +1, Nji — Nij

21: lfNU > 1 then

22: COVjj < Mlj/(N” — 1)

23: pij < clip(cov;;/(o;05), —1, 1)
24: Cij — Cji < Pij

25: end if

26: end for

27: end function
28: function GETCORRELATIONMATRIX
29: return C'
30: end function

Algorithm 4 Sampling Correlated Binary Outcomes via Gaussian Copula

Require: Number of samples n, marginal probabilities 1 € R, estimated correlation matrix

Cog € REXKE
1: Cpsa < MAKEPSD(Cey) > Project to nearest PSD matrix
2: Z < Sample n vectors from N (0, Cpsa)
3: U+ ®(2) > Apply standard normal CDF elementwise
4: fori=1,...,ndo
5: forj=1,...,Kdo
6: Xij+1 {Ul7 < ,U/j}
7: end for
8: end for
9: return X

These results indicate that incorporating the copula-based simulation to model the correlation does
not significantly improve performance on MMLU and yields a modest cost improvement on IMDB,
where LLM outputs exhibit higher correlation. We attribute this to two factors: (1) LinUCB’s use of
input embedding vectors to predict LLM confidences already implicitly captures correlations among
LLM outputs conditioned on the input context, and (2) estimation errors in the correlation matrix
reduce the potential gains from explicitly modeling correlations.
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H Experiments on Sensitivity to Correlated LLM Outputs

We conduct a sensitivity study to evaluate the impact of correlation among LLM outputs. Given
a target mean accuracy vector yi = (iy,...,ix) and a target covariance matrix C € REXK
we generate synthetic LLM labels using a Gaussian copula—based procedure (Algorithm [5). This
approach ensures that the outputs of different LLMs are both context-dependent and correlated
according to the specified C. By varying C, we analyze how increasing inter-model correlation
affects the performance of CaMVo.

In this experiment setting, we denote the number of LLMs by K, the context dimension by d, and the
number of rounds by T'. Each LLM [; is associated with a target mean accuracy u; € (0,1). The
context correlation parameter o € [0, 1] controls the degree of shared dependence among LLMs, and
o > 0 denotes the scale of latent Gaussian noise.

We first transform the target reward correlation matrix C' into a valid latent Gaussian correlation
matrix R = [p;;] that can reproduce the desired binary LLM outputs after thresholding. Specifically,
for each pair of LLMs (i, ), we find a latent correlation coefficient p;; such that

COI‘I‘[H{ZZ' > (I’_l(l - /.Li)},H{Zj > @_1(1 — Mj)}} = Cij,

where (Z;, Z;) ~ N(0,%(pi;)) and ®~! is the inverse standard normal CDF. The resulting matrix
R = [pj;] is then projected onto the nearest positive semi-definite matrix to ensure numerical stability.
This step guarantees that the generated binary outputs exhibit empirical correlations close to C'.

Each LLM [, is associated with a context-dependent accuracy weight vector §; € R? defined as
0; = & Oghared + (1 - Oé) Hunique,iv

where Osharea ~ N (0, I) captures shared structure among LLMs, and Oypigue,; ~ N (0, I4) introduces
model-specific variation.

Ateachroundt =1,...,T, a context vector
Ty ~ N(O, Id)

is independently sampled, representing the input context of the data instance. A correlated Gaussian
noise vector ¢; ~ A (0, R) is drawn jointly across all LLMs. The latent correctness score for each
LLM I; is then computed as

-
2 =0; 2y +0€ry.

The observed binary correctness outcome is given by
o=z > @11 — )}

When r; ; = 1, it means the LLM produces the correct label . This data generation process produces
context—output pairs whose expected accuracies ar close to the target u, while the inter-model
dependencies exhibit empirical correlations close to C'. Note that because of the additive term 6;,
which encodes correlations with the context, this method cannot exactly reproduce the target accuracy
and covariance matrix values. Although more sophisticated approaches could more precisely match
the specified targets, we adopt this formulation for its computational simplicity and because our
experiments focus primarily on analyzing the effects of varying correlation strength rather than
achieving exact target statistics.

H.1 Experiment Results

In the first experimental setup the diagonal entries of C representing self-correlation are set to 1, i.e.
Ci; = 1,Vi € [K] and all off-diagonal entries are set to a parameter C,; = v, Vi # j that represents
the pairwise correlation. We sweep v across a range of values to evaluate how varying correlation
strengths impact performance. The results are summarized in Table[T6] which reports the accuracy
and cost of CaM Vo under ky,;, = 1 and ki, = 3, alongside the accuracy of majority voting and the
target accuracy, across different confidence thresholds ¢ and correlation parameters C;. The synthetic
data are generated with parameters d = 5, 0 = 0.5, and o = 0.1, while the costs and mean accuracies
of the LLMs are taken from the MMLU experiments, given by ¢ = [0.05,1.1,0.59,2.5,3,1.1,0.8]
and p = [0.6801,0.8482,0.8170, 0.8358,0.8565,0.8592, 0.6409]. Note that the cost of majority
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Algorithm 5 Gaussian Copula—based Correlated Data Generation

Require: Number of rounds 7', number of LLMs K, context dimension d, target mean rewards
{u:}E |, target correlation matrix C' € RE*X | context correlation parameter , noise scale o
Ensure: Contexts {z;}._;, binary rewards {re,ite

1: function GENERATEDATA(T, K, d, i1, C, at, 0)
2 Compute latent Gaussian correlation matrix R <— CALIBRATECOPULA(u, C')
3 Draw Gspared ~ N (0, 1)

4: fora=1,...,Kdo

5: Draw Oynique,a ~ N (0, I4)

6: 0o < aOghared + (1 - O‘) aunique,a

7 end for

8: fort=1,...,T do

9: Sample context 2 ~ N(0, I)
10 Sample ¢, ~ N (0, R)
11: fora=1,..., Kdo
12: Zt.aq < Hth + o €t,a
13: Tra ¢ H2ea > @711 — o)}
14: end for
15: end for
16:  return {(x;, 1)},

17: end function

18: function CALIBRATECOPULA(y, C')
19: for each pair (i, j) with ¢ < j do
20: Find p;; such that

Corr[I{Z; > @ (1 — )}, I{Z; > &' (1 — ;) }] = Cyj

where (Z;, Z;) ~ N(0,%(pi;))
21: end for
22: Construct R = [p;;] and project to nearest PSD matrix
23: return R
24: end function

voting is fixed at $9.14 per million tokens across all settings. Tables[17]and[18] present the results for
o = 0.2 and a = 0.4, respectively.

The results indicate that the accuracy of CaMVo generally decreases as C; increases; a similar trend
is observed for majority voting. Importantly, CaM Vo is able to maintain the target accuracy across
all tested correlation levels, demonstrating its effectiveness even in settings with correlated LLM
outputs.

In the second experimental setup, we use the correlation matrix

1.000 0.445 0.147 0.423 0.211 0.306 0.320
0.445 1.000 0.373 0.448 0.242 0.420 0.317
0.147 0.373 1.000 0.265 0.172 0.118 0.142
C = 10423 0.448 0.265 1.000 0.301 0.436 0.325 (22)
0.211 0.242 0.172 0.301 1.000 0.158 0.180
0.306 0.420 0.118 0.436 0.158 1.000 0.388
0.320 0.317 0.142 0.325 0.180 0.388 1.000

so that, unlike the first experiment, the correlations between different LLMs are heterogeneous. We
sweep the confidence threshold ¢ and the parameter « to evaluate how the strength of correlation
between LLM outputs and the context affects accuracy. The results are summarized in Table
which reports the accuracy and cost of CaM Vo for £y, = 1 and ki, = 3, alongside the accuracy of
majority voting and the target accuracy, across varying § and «. Across all experiments, d = 5 and
o = 0.5, while the costs and mean accuracies of the LLMs are taken from the MMLU dataset as in
the previous experiment. The cost of majority voting remains fixed at $9.14 per million tokens.
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As expected, the accuracy of CaM Vo increases with larger «, as higher correlation with the context
allows LLM outputs to better reflect the arm rewards. In contrast, the accuracy of majority voting de-
creases with increasing c, since it increases correlations among LLMs through the context. Crucially,
CaM Vo consistently maintains the target accuracy across all instances, demonstrating its robustness
even under correlated LLM outputs.
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Precision, Recall, F1 Score, Precision, Recall, F1 Score,

0 label kmin =1 kmin =1 kmin =1 kmin =3 kmin =3 kmin =3
0.99 0 0.87 0.86 0.87 0.87 0.86 0.87
0.99 1 0.87 0.89 0.88 0.87 0.89 0.88
0.99 2 0.88 0.9 0.89 0.88 0.9 0.89
0.99 3 0.91 0.89 0.9 0.91 0.89 0.9
0.98 0 0.88 0.86 0.87 0.88 0.86 0.87
0.98 1 0.88 0.89 0.88 0.88 0.89 0.88
0.98 2 0.88 0.9 0.89 0.88 0.9 0.89
0.98 3 091 09 09 0.91 0.9 0.9
0.975 0 0.88 0.85 0.87 0.88 0.85 0.87
0.975 1 0.87 0.89 0.88 0.87 0.89 0.88
0.975 2 0.88 0.9 0.89 0.88 0.9 0.89
0.975 3 091 0.9 09 091 0.9 0.9
0.97 0 0.88 0.85 0.86 0.88 0.85 0.86
0.97 1 0.87 0.89 0.88 0.87 0.89 0.88
0.97 2 0.88 0.9 0.89 0.88 0.9 0.89
0.97 3 0.91 0.9 0.9 0.91 0.9 0.9
0.965 0 0.89 0.85 0.87 0.89 0.85 0.87
0.965 1 0.86 0.88 0.87 0.86 0.88 0.87
0.965 2 0.88 09 0.89 0.88 0.9 0.89
0.965 3 0.91 0.9 0.9 0.91 0.9 0.9
0.96 0 0.88 0.85 0.86 0.88 0.85 0.86
0.96 1 0.86 0.88 0.87 0.86 0.88 0.87
0.96 2 0.87 0.89 0.88 0.87 0.89 0.88
0.96 3 0.9 0.89 0.9 0.9 0.89 0.9
0.955 0 0.87 0.84 0.86 0.87 0.84 0.86
0.955 1 0.86 0.88 0.87 0.86 0.88 0.87
0.955 2 0.87 0.88 0.88 0.87 0.88 0.88
0.955 3 0.89 0.89 0.89 0.89 0.89 0.89
0.95 0 0.87 0.84 0.85 0.87 0.84 0.85
0.95 1 0.85 0.87 0.86 0.85 0.87 0.86
0.95 2 0.87 0.87 0.87 0.87 0.87 0.87
0.95 3 0.89 0.89 0.89 0.89 0.89 0.89

0.9 0 0.85 0.82 0.84 0.85 0.82 0.84
09 1 0.84 0.85 0.84 0.84 0.85 0.84
0.9 2 0.85 0.85 0.85 0.85 0.85 0.85
0.9 3 0.86 0.87 0.87 0.86 0.87 0.87
0.85 0 0.84 0.82 0.83 0.84 0.82 0.83
0.85 1 0.81 0.86 0.84 0.81 0.86 0.84
0.85 2 0.85 0.84 0.84 0.85 0.84 0.84
0.85 3 0.87 0.85 0.86 0.87 0.85 0.86
0.8 0 0.8 0.82 0.81 0.8 0.82 0.81
0.8 1 0.76 0.87 0.81 0.76 0.87 0.81
0.8 2 0.85 0.8 0.82 0.85 0.8 0.82
0.8 3 0.88 0.8 0.84 0.88 0.8 0.84
0.75 0 0.59 0.73 0.65 0.59 0.73 0.65
0.75 1 0.71 0.65 0.68 0.71 0.65 0.68
0.75 2 0.76 0.63 0.69 0.76 0.63 0.69
0.75 3 0.72 0.74 0.73 0.72 0.74 0.73
0.7 0 0.58 0.73 0.65 0.58 0.73 0.65
0.7 1 0.71 0.64 0.67 0.71 0.64 0.67
0.7 2 0.75 0.63 0.68 0.75 0.63 0.68
0.7 3 0.71 0.74 0.73 0.71 0.74 0.73

Table 5: Precision, recall, and F1 scores of CaMVo with k,,;;, = 1 and k,,;,, = 3 across different
confidence thresholds ¢ for each label category on the MMLU dataset.
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label Precision Recall F1 Score

Maj. voting 0 0.87 0.86 0.86
Maj. voting 1 0.87 0.88 0.88
Maj. voting 2 0.88 0.89 0.89
Maj. voting 3 0.91 0.89 0.9

Table 6: Precision, recall and F1 score of majority voting over each output category on the MMLU
dataset.

s label Precision Recall F1 Score Precision Recall F1 Score
(kmin = 1) (kmin = 1) (kmin = 1) (kmin = 3) (kmin - 3) (kmin = 3)

0.999 0 0.96 0.96 0.96 0.96 0.96 0.96
0.999 1 0.96 0.96 0.96 0.96 0.96 0.96
0.998 0 0.95 0.95 0.95 0.95 0.95 0.95
0.998 1 0.95 0.95 0.95 0.95 0.95 0.95
0.997 0 0.96 0.95 0.95 0.96 0.95 0.95
0.997 1 0.95 0.96 0.95 0.95 0.96 0.95
0.995 0 0.96 0.95 0.95 0.96 0.95 0.95
0.995 1 0.95 0.96 0.95 0.95 0.96 0.95
0.99 0 0.95 0.95 0.95 0.95 0.95 0.95
0.99 1 0.95 0.95 0.95 0.95 0.95 0.95
0.985 0 0.94 0.95 0.95 0.94 0.95 0.95
0.985 1 0.95 0.94 0.95 0.95 0.94 0.95
0.98 0 0.94 0.95 0.95 0.94 0.95 0.95
0.98 1 0.95 0.94 0.95 0.95 0.94 0.95
0.97 0 0.94 0.95 0.95 0.94 0.95 0.95
0.97 1 0.95 0.94 0.95 0.95 0.94 0.95
0.96 0 0.94 0.94 0.94 0.94 0.94 0.94
0.96 1 0.94 0.94 0.94 0.94 0.94 0.94
0.95 0 0.94 0.95 0.94 0.94 0.95 0.94
0.95 1 0.95 0.94 0.94 0.95 0.94 0.94
0.9 0 0.94 0.94 0.94 0.94 0.94 0.94
09 1 0.94 0.94 0.94 0.94 0.94 0.94
MIJV 0 0.96 0.96 0.96
MIV 1 0.96 0.96 0.96

Table 7: Precision, recall, and F1 scores of CaMVo with ki, = 1 and k.,;, = 3 across different
confidence thresholds ¢ for each output label on the IMDB dataset. Note that the last two rows report
the corresponding precision, recall, and F1 scores obtained with majority voting.

LLM / Method Accuracy (%) Cost

03-mini 87.16 1.10
Ilama-3.3-70b 86.35 0.59
ol-mini 85.77 1.10
claude-3-7-sonnet 85.27 3.00
claude-3-5-haiku 84.71 0.80
gpt-40-mini 82.63 0.15
llama-3.1-8b 77.85 0.05
Majority Vote 85.55 6.79
Baseline Method 85.68 6.79

Table 8: Accuracy and cost of individual LL.Ms and baseline ensemble methods on the AG News
Classification Dataset.
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Target Acc. (%) Cost Acc. (%) Cost

CaMVo o Acc. (%) kmin =1 knin=1 Eknin=3 Enn=23
0.999 85.59 85.98 6.82 85.98 6.82
0.998 85.51 85.98 6.82 85.98 6.82
0.995 85.25 86.36 5.24 86.36 5.24
0.99 84.82 86.18 2.98 86.18 2.98
0.98 83.97 84.72 1.39 84.72 1.39
0.96 82.25 83.38 0.52 83.85 0.99
0.95 81.40 83.18 0.40 83.77 0.96
0.9 77.11 80.66 0.29 83.75 0.88
0.85 72.83 79.62 0.26 83.74 0.87
0.80 68.54 79.34 0.23 83.73 0.87

Table 9: Accuracy and cost of CaMVo on the AG News Classification Dataset under varying
confidence thresholds § and ki, € {1,3}. For reference, the cost of the baseline method is $6.79
per million tokens.

Target CaMVo CaMVo CCaMVo CCaMVo

0 Acc. (%) Acc. (%) Cost Acc. (%) Cost
0.99 87.30 88.47 9.14 88.55 9.14
0.98 86.42 88.59 8.57 88.53 8.72
0.975 85.98 88.49 7.80 88.41 8.14
0.97 85.53 88.35 6.67 88.25 7.10
0.965 85.09 88.27 5.66 88.07 4.88
0.96 84.65 87.98 4.74 86.96 3.07
0.955 84.21 87.40 3.38 86.84 2.58
0.95 83.77 86.82 2.76 86.33 2.32
0.90 79.36 84.88 1.19 82.29 0.76
0.85 74.95 84.41 1.03 81.72 0.67
0.80 70.54 82.12 0.70 80.09 0.60
0.75 66.14 68.80 0.16 68.30 0.14
0.70 61.73 68.38 0.14 68.30 0.14

Table 10: Accuracy and cost of CaM Vo and Correlated CaM Vo (CCaM Vo) on the MMLU dataset
under varying confidence thresholds § and k,;,, = 1. For reference, the cost of the baseline method
is $9.14 per million tokens.

Target CaMVo CaMVe CCaMVo CCaMVo

Y Acc. (%) Acc. (%) Cost Acc. (%) Cost
0.99 87.30 88.47 9.14 88.55 9.14
0.98 86.42 88.59 8.57 88.50 8.73
0.975 85.98 88.49 7.80 88.43 8.16
0.97 85.53 88.33 6.67 88.33 6.90
0.965 85.09 88.27 5.66 88.29 5.21
0.96 84.65 88.03 4.74 86.40 3.73
0.955 84.21 87.01 3.36 87.08 2.69
0.95 83.77 87.01 2.96 86.42 2.45
0.90 79.36 84.80 1.81 84.17 1.77
0.85 74.95 82.14 1.58 81.45 1.52
0.80 70.54 81.32 1.51 81.23 1.50
0.75 66.14 81.24 1.50 81.18 1.50
0.70 61.73 81.22 1.50 81.17 1.50

Table 11: Accuracy and cost of CaM Vo and Correlated CaM Vo (CCaM Vo) on the MMLU dataset
under varying confidence thresholds § and k,;, = 3. For reference, the cost of the baseline method
is $9.14 per million tokens.
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Target CaMVo CaMVo CCaMVo CCaMVo

0 Acc. (%) Acc. (%) Cost Acc. (%) Cost
0.999 95.52 95.59 6.15 95.43 3.61
0.998 95.43 95.43 4.03 95.28 2.29
0.997 95.33 95.45 2.83 95.10 1.32
0.995 95.14 95.25 2.06 95.09 0.99
0.99 94.66 95.10 1.09 95.09 0.89
0.985 94.20 94.69 0.34 95.05 0.82
0.98 93.71 94.69 0.31 94.78 0.38
0.97 92.75 94.56 0.22 94.68 0.28
0.96 91.80 94.21 0.13 94.18 0.20
0.95 90.84 94.28 0.14 94.61 0.26

0.9 86.06 94.24 0.10 94.11 0.15

Table 12: Accuracy and cost of CaMVo and Correlated CaM Vo (CCaM Vo) on the IMDB dataset
under varying confidence thresholds § and k,;, = 1. For reference, the cost of the baseline method
is $6.29 per million tokens.

Target CaMVo CaMVo CCaMVo CCaMVo

0 Acc. (%) Acc. (%) Cost Acc. (%) Cost
0.999 95.52 95.59 6.15 95.46 3.61
0.998 95.43 95.43 4.03 95.29 2.21
0.997 95.33 95.45 2.83 95.10 1.21
0.995 95.14 95.25 2.06 95.10 0.99
0.99 94.66 95.12 0.99 95.07 0.88
0.985 94.20 95.06 0.84 95.07 0.85
0.98 93.71 95.07 0.83 95.08 0.83
0.97 92.75 95.07 0.82 95.07 0.83
0.96 91.80 95.06 0.81 95.07 0.82
0.95 90.84 95.07 0.81 95.06 0.82

0.9 86.06 95.06 0.81 95.06 0.81

Table 13: Accuracy and cost of CaMVo and Correlated CaM Vo (CCaM Vo) on the IMDB dataset
under varying confidence thresholds § and k,;,, = 3. For reference, the cost of the baseline method
is $6.29 per million tokens.

Target CaMVo CaMVo CCaMVo CCaMVo

0 Acc. (%) Acc. (%) Cost Acc. (%) Cost
0.999 85.59 85.98 6.82 85.98 6.82
0.998 85.51 85.98 6.82 85.98 6.81
0.995 85.25 86.36 5.24 86.10 5.12
0.99 84.82 86.18 2.98 85.82 2.75
0.98 83.97 84.72 1.39 83.94 1.13
0.96 82.25 83.38 0.52 83.3 0.51
0.95 81.40 83.18 0.40 83.18 0.44

0.9 77.11 80.66 0.29 81.5 0.33
0.85 72.83 79.62 0.26 79.66 0.26
0.80 68.54 79.34 0.23 79.26 0.24

Table 14: Accuracy and cost of CaMVo and Correlated CaMVo (CCaMVo) on the AG News
Classification Dataset under varying confidence thresholds § and k.,;;, = 1. For reference, the cost of
the baseline method is $6.79 per million tokens.
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Target CaMVo CaMVo CCaMVo CCaMVo

0 Acc. (%) Acc. (%) Cost Acc. (%) Cost
0.999 85.59 85.98 6.82 85.98 6.82
0.998 85.51 85.98 6.82 85.98 6.81
0.995 85.25 86.36 5.24 86.14 5.08
0.99 84.82 86.18 2.98 85.67 2.29
0.98 83.97 84.72 1.39 83.94 1.10
0.96 82.25 83.85 0.99 83.89 1.01
0.95 81.40 83.77 0.96 83.75 0.93

0.9 77.11 83.75 0.88 83.75 0.89
0.85 72.83 83.74 0.87 83.72 0.87
0.80 68.54 83.73 0.87 83.72 0.87

Table 15: Accuracy and cost of CaMVo and Correlated CaMVo (CCaMVo) on the AG News
Classification Dataset under varying confidence thresholds ¢ and ky,;,, = 3. For reference, the cost of
the baseline method is $6.79 per million tokens.
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Maj. vote  Target CaMVo CaMVo CaMVo CaMVo
) Y Acc. (%) Acc. (%) (kmin = 1) (kmin = 1) (kmin = 3) (kmin = 3)

Acc. (%) Cost Acc. (%) Cost
096 0.1 93.36 89.63 93.35 9.14 93.40 9.14
096 0.2 92.84 89.13 92.83 9.14 92.80 9.14
096 0.3 92.30 88.61 92.30 9.14 92.30 9.14
096 04 91.32 87.67 91.32 9.14 91.30 9.14
096 0.5 90.99 87.35 90.99 9.14 91.00 9.14
096 0.6 90.63 87.00 90.63 9.14 90.60 9.14
096 0.7 89.84 86.25 89.84 9.14 89.80 9.14
0.96 0.8 89.16 85.59 89.16 9.14 89.20 9.14
095 0.0 93.85 89.16 93.85 9.14 93.90 9.14
095 0.1 93.36 88.69 93.35 9.14 93.40 9.14
095 02 92.84 88.20 92.83 9.14 92.80 9.14
095 03 92.30 87.69 92.30 9.14 92.30 9.14
095 04 91.32 86.76 91.32 9.14 91.30 9.14
095 05 90.99 86.44 90.99 9.14 91.00 9.14
095 0.6 90.63 86.09 90.63 9.14 90.60 9.14
095 0.7 89.84 85.35 89.84 9.14 89.80 9.14
095 0.8 89.16 84.70 89.16 9.14 89.20 9.14
093 0.0 93.85 87.28 93.87 7.59 93.90 7.59
093 0.1 93.36 86.83 92.74 7.20 92.70 7.20
093 02 92.84 86.34 90.76 5.68 90.80 5.68
093 03 92.30 85.84 91.52 6.54 91.50 6.54
093 04 91.32 84.93 90.31 6.03 90.30 6.03
093 05 90.99 84.62 89.56 5.43 89.60 5.43
093 0.6 90.63 84.28 89.35 5.11 89.40 5.11
0.93 0.7 89.84 83.55 88.68 4.57 88.70 4.57
093 0.8 89.16 82.92 88.23 4.35 88.20 4.35
090 0.0 93.85 84.47 86.98 2.23 86.70 2.66
0.90 0.1 93.36 84.03 86.79 2.23 86.20 2.57
090 02 92.84 83.56 86.84 2.03 87.50 2.63
0.90 0.3 92.30 83.07 85.61 3.53 87.80 3.78
090 04 91.32 82.19 85.68 1.85 84.50 2.29
090 0.5 90.99 81.89 85.50 1.69 84.10 2.15
0.90 0.6 90.63 81.56 85.23 1.66 83.70 2.16
0.90 0.7 89.84 80.86 84.69 1.49 83.10 2.02
0.90 0.8 89.16 80.24 84.64 1.47 82.80 2.01
0.80 0.0 93.85 75.08 84.56 1.13 80.10 1.55
0.80 0.1 93.36 74.69 84.35 1.16 80.80 1.56
0.80 0.2 92.84 74.27 84.58 1.12 80.00 1.52
0.80 0.3 92.30 73.84 84.42 1.14 79.10 1.51
0.80 04 91.32 73.06 84.54 1.14 79.10 1.52
0.80 0.5 90.99 72.79 84.68 1.13 78.70 1.49
0.80 0.6 90.63 72.50 84.74 1.15 78.60 1.50
0.80 0.7 89.84 71.87 83.05 0.92 78.20 1.47
0.80 0.8 89.16 71.33 80.90 0.64 78.30 1.48

Table 16: Accuracy and cost of CaMVo with ki, = 1 and ki, = 3, alongside the accuracy
of majority voting and the target accuracy, under varying confidence thresholds J and correlation
parameters C; in the synthetic correlated data. The synthetic data are generated with parameters
d =5,0 = 0.5, and o = 0.1. Note that the cost of majority voting is fixed at $9.14 per million
tokens for all settings.

3980 https://doi.org/10.52202/085713-0125



5 Maj. vote Target (kCaMVol) (kCaMVol) (kCaMV(; ) (kCaMVog)
Y min — min — min — min —
Acc. (%) Acc. (%) yce. (%) Cost Acc. (%) Cost
096 0.0 93.95 90.19 93.95 9.14 93.95 9.14
096 0.1 9343 89.69 9343 9.14 9343 9.14
096 0.2 92.86 89.15 92.86 9.14 92.86 9.14
096 03 92.28 88.59 92.28 9.14 92.28 9.14
096 04 91.57 87.91 91.57 9.14 91.57 9.14
096 0.5 91.07 87.43 91.07 9.14 91.07 9.14
096 0.6 90.65 87.02 90.65 9.14 90.65 9.14
096 0.7 90.06 86.46 90.06 9.14 90.06 9.14
096 0.8 89.41 85.83 89.41 9.14 89.41 9.14
095 0.0 93.95 89.25 96.00 8.54 96.00 8.54
0.95 0.1 9343 88.75 95.84 8.51 95.84 8.51
095 02 92.86 88.22 95.48 8.50 95.48 8.50
095 03 92.28 87.66 94.95 8.54 94.95 8.54
095 04 91.57 86.99 94.54 8.52 94.54 8.52
095 0.5 91.07 86.51 94.25 8.50 94.25 8.50
095 0.6 90.65 86.12 91.65 7.82 91.65 7.82
095 0.7 90.06 85.56 89.90 6.97 89.90 6.97
095 0.8 89.41 84.94 89.76 6.60 89.76 6.60
090 0.0 93.95 84.55 86.55 1.71 85.40 2.24
090 0.1 9343 84.08 86.44 3.09 90.51 3.27
090 02 92.86 83.58 86.32 1.68 84.94 2.14
090 03 92.28 83.05 87.63 2.20 88.51 291
090 04 91.57 82.42 86.06 1.64 84.53 2.12
090 0.5 91.07 81.96 85.72 1.52 84.98 2.02
090 0.6 90.65 81.58 84.09 1.98 84.09 1.98
090 0.7 90.06 81.06 85.31 1.44 83.69 1.99
090 0.8 89.41 80.47 85.55 1.36 82.90 1.95
0.80 0.0 93.95 75.16 85.32 1.13 80.11 1.51
0.80 0.1 9343 74.74 85.33 1.15 80.10 1.53
0.80 0.2 92.86 74.29 82.66 0.73 79.91 1.50
0.80 0.3 92.28 73.82 85.24 1.14 78.78 1.49
0.80 04 91.57 73.26 85.27 1.13 78.67 1.48
0.80 0.5 91.07 72.85 85.30 1.13 78.76 1.47
0.80 0.6 90.65 72.52 84.12 0.98 78.58 1.48
0.80 0.7 90.06 72.05 81.77 0.63 78.40 1.48
0.80 0.8 89.41 71.53 85.45 1.13 77.93 1.47

Table 17: Accuracy and cost of CaMVo with ki, = 1 and ki, = 3, alongside the accuracy
of majority voting and the target accuracy, under varying confidence thresholds § and correlation
parameters C; in the synthetic correlated data. The synthetic data are generated with parameters
d = 5,0 = 0.5, and o = 0.2. Note that the cost of majority voting is fixed at $9.14 per million
tokens for all settings.
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Maj. vote  Target CaMVo CaMVo CaMVo CaMVo
) Y Acc. (%) Acc. (%) (kmin = 1) (kmin = 1) (kmin = 3) (kmin = 3)

Acc. (%) Cost Acc. (%) Cost
096 0.1 91.83 88.16 96.69 6.62 96.69 6.62
096 0.2 91.54 87.88 96.77 6.54 96.77 6.54
096 0.3 90.75 87.12 96.18 6.64 96.18 6.64
096 04 90.28 86.67 95.58 6.46 95.58 6.46
096 0.5 89.61 86.02 95.68 6.31 95.68 6.31
0.96 0.6 89.27 85.70 95.28 6.24 95.28 6.24
096 0.7 88.79 85.24 89.15 4.99 89.15 4.99
0.96 0.8 88.32 84.79 88.07 4.45 88.07 4.45
095 O 92.45 87.83 97.50 5.69 97.50 5.69
095 0.1 91.83 87.24 96.55 5.52 96.55 5.52
095 02 91.54 86.96 97.07 5.51 97.07 5.51
095 03 90.75 86.21 96.47 5.56 96.47 5.56
095 04 90.28 85.77 95.85 5.41 95.85 5.41
095 05 89.61 85.13 95.33 5.14 95.33 5.14
095 0.6 89.27 84.81 91.03 4.74 91.03 4.74
095 0.7 88.79 84.35 88.68 3.46 88.68 3.46
095 0.8 88.32 83.90 94.52 5.00 94.52 5.00
093 0 92.45 85.98 92.72 3.56 92.72 3.56
093 0.1 91.83 85.40 91.07 3.48 91.07 348
093 02 91.54 85.13 90.44 3.23 90.44 3.23
093 03 90.75 84.39 90.23 3.34 90.23 3.34
093 04 90.28 83.96 90.12 3.21 90.12 3.21
093 05 89.61 83.33 89.63 3.26 89.63 3.26
093 0.6 89.27 83.02 86.25 1.95 86.25 1.95
0.93 0.7 88.79 82.57 86.35 1.88 86.35 1.88
093 0.8 88.32 82.14 86.45 1.66 86.45 1.66
0.9 0 92.45 83.20 86.80 1.42 86.80 1.42
09 0.1 91.83 82.65 85.45 2.03 85.45 2.03
09 02 91.54 82.38 86.63 1.52 86.63 1.52
09 03 90.75 81.67 86.78 1.57 86.78 1.57
09 04 90.28 81.26 83.97 1.90 83.97 1.90
09 0.5 89.61 80.65 83.75 1.44 83.75 1.44
09 0.6 89.27 80.35 82.89 1.08 82.89 1.08
09 0.7 88.79 79.91 86.36 1.28 86.36 1.28
09 0.8 88.32 79.49 82.69 0.92 82.69 0.92
0.8 0 92.45 73.96 82.53 0.61 82.53 0.61
0.8 0.1 91.83 73.46 86.15 1.13 86.15 1.13
08 02 91.54 73.23 85.71 1.10 85.71 1.10
08 0.3 90.75 72.60 85.88 1.14 85.88 1.14
08 04 90.28 72.23 82.57 0.64 82.57 0.64
08 0.5 89.61 71.69 86.01 1.13 86.01 1.13
08 0.6 89.27 71.42 82.70 0.63 82.70 0.63
0.8 0.7 88.79 71.03 82.85 0.64 82.85 0.64
0.8 0.8 88.32 70.65 82.71 0.62 82.71 0.62

Table 18: Accuracy and cost of CaMVo with ki, = 1 and ki, = 3, alongside the accuracy
of majority voting and the target accuracy, under varying confidence thresholds J and correlation
parameters C; in the synthetic correlated data. The synthetic data are generated with parameters
d =5,0 = 0.5, and o = 0.4. Note that the cost of majority voting is fixed at $9.14 per million
tokens for all settings.
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Maj. vote Target CaMVo CaMVo CaMVo CaMVo

(07 ) kmin =1 kmin =1 kmin =3 kmin =3
Ace. (%) Ace. (%) g (%)) o Y U (%)) ot
0.1 0.96 92.21 88.53 92.21 9.14 92.21 9.14
0.1 0.95 92.21 87.60 92.21 9.14 92.21 9.14
0.1 0.93 92.21 85.76 92.41 6.97 92.41 6.97
0.1 09 92.21 82.99 85.82 1.81 85.82 1.81
0.1 0.85 92.21 78.38 84.61 1.21 84.61 1.21
0.1 0.8 92.21 73.77 80.73 0.66 80.73 0.66
0.2 0.96 92.36 88.67 92.36 9.14 92.36 9.14
0.2 0.95 92.36 87.75 94.94 8.53 94.94 8.53
0.2 093 92.36 85.90 91.12 5.10 91.12 5.10
02 09 92.36 83.13 85.69 1.45 85.69 1.45
0.2 0.85 92.36 78.51 85.35 1.18 85.35 1.18
0.2 0.8 92.36 73.89 84.93 1.10 84.93 1.10
04 0.96 91.23 87.58 93.59 6.70 93.59 6.70
0.4 0.95 91.23 86.67 96.61 5.49 96.61 5.49
04 0.93 91.23 84.85 90.10 3.03 90.10 3.03
04 09 91.23 82.11 84.71 1.91 84.71 1.91
04 0.85 91.23 77.55 82.96 0.69 82.96 0.69
04 0.8 91.23 72.99 82.90 0.63 82.90 0.63

Table 19: Accuracy and cost of CaMVo with ki, = 1 and ki, = 3, alongside the accuracy
of majority voting and the target accuracy, § and « values for synthetic data generated using the
correlation matrix in Eq. (22)). The synthetic data are generated with parameters d = 5, and o = 0.5.
Note that the cost of majority voting is fixed at $9.14 per million tokens for all settings.
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