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Abstract

Test-time expert reduction (top-k reduction) is
a popular way to cut inference cost in Mixture-
of-Experts (MoE) language models, avoiding
the expensive model retraining. Existing work,
however, analyzes the effects of top-k reduc-
tion almost exclusively on English benchmarks.
In this work, we provide the first systematic
multilingual study of test-time top-k reduc-
tion across three contemporary MoE models,
100 languages, and 5 downstream tasks. We
show that down to 75% of retained experts, the
models degrade gracefully, but overall reten-
tion collapses sharply at low k and widens a
structural multilingual gap: low-resource lan-
guages degrade much faster than high-resource
ones. We trace the gap to a renormalization-
induced norm overshoot in the MoE block,
where the renormalization over the surviving
expert weights inflates the MoE contribution to
the residual stream. This inflation harms low-
resource languages disproportionately due to
their smaller residual norms. As a remedy, we
propose two training-free and latency-free in-
terventions: (i) a grid-searched global scalar to
rescale the representations output by the MoE
layer (global α) and (ii) a parameter-free per-
token correction (token α) of expert weights
derived from the routing. The proposed inter-
ventions substantially improve overall retention
and reduce the multilingual gap.

1 Introduction

Mixture-of-Experts (MoE) has become a stan-
dard mechanism for scaling Transformer-based lan-
guage models, replacing dense feed-forward layers
with a set of small expert networks and a gating
function that activates only the top-k experts per
token (Shazeer et al., 2017; Lepikhin et al., 2021;
Fedus et al., 2022). This sparse activation pattern
decouples the total parameter count of a model
from actual per-token compute, enabling the train-
ing and deployment of ever larger MoE models
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Figure 1: Top-k reduction on Qwen3.5-35B-A3B. Left:
mean performance retention as the number of activated
experts is reduced from k=8; Right: retention gap
as the difference in mean retention between the high-
resource (T5) and low-resource languages (T1), over the
same axis. Standard top-k reduction (orange) collapses
retention and widens the multilingual gap; our token α
intervention (blue) substantially mitigates both.

(Jiang et al., 2024; Liu et al., 2024; Yang et al.,
2025). However, the large cumulative number of
activated experts across layers and tokens remains a
critical latency bottleneck at inference time, particu-
larly in resource-constrained deployment scenarios.
A growing line of work addresses this bottleneck
through test-time expert reduction (top-k reduc-
tion): reducing the number of activated experts per
token without retraining the model (Lu et al., 2024;
Zhong et al., 2024; Chitty-Venkata et al., 2025; Liu
et al., 2026). Because these methods operate at
test-time and require only lightweight calibration,
they are appealing for practical deployment.

Existing work analyzes top-k reduction almost
exclusively through the lens of English bench-
marks, leaving open the question of how it af-
fects the multilingual capabilities of MoE models.
This question is orthogonal to the methodologi-
cal refinements that distinguish recent reduction
methods—whether k is allocated adaptively across
layers (Zhong et al., 2024; Chitty-Venkata et al.,
2025) or across tokens (Lu et al., 2024; Liu et al.,
2026). To isolate the effect of reducing k itself
from the confound of which experts an adaptive
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scheme selects, we focus on uniform top-k reduc-
tion, and study how a model’s multilingual behav-
ior responds to a reduced activation budget.

We analyze three recent multilingual MoE
models—Qwen3-30B-A3B (Yang et al., 2025),
Qwen3.5-35B-A3B (Qwen Team, 2026), and
Gemma4-26B-A4B (Team et al., 2026)—across
100 typologically diverse languages covering a
spectrum from high- to low-resource. Figure 1
previews our findings for Qwen3.5: as the activa-
tion budget is reduced, the mean retention—the
proportion of performance on downstream tasks
that is retained w.r.t the full activation budget (i.e.,
k = 8)—collapses, and the gap in mean reten-
tion (i.e., relative performance retention) between
high- and low-resource languages (T5 and T1, re-
spectively) sharply widens, reaching 14.6pp for
k = 2. Put simply, a larger reduction of the activa-
tion budget not only drastically reduces the perfor-
mance for all languages, but does more so (i.e., dis-
proportionately) for low-resource languages. We
observe a similar pattern, with varying strength,
across all three models, indicating a structural
rather than model-specific phenomenon. We re-
fer to this widening as the multilingual retention
gap.

Our further analysis reveals that, even at full k,
the magnitude of the MoE block output relative to
the residual stream is larger for low-resource lan-
guages than for high-resource ones. We then show
that top-k reduction further amplifies this imbal-
ance, because the models renormalize the expert
weights over the surviving experts, inflating the
contribution of the MoE output relative to the resid-
ual. The resulting norm imbalance between the
MoE block output and the residual stream drives
both the overall performance degradation under
reduction and the disproportionate performance
collapse for lower-resource languages.

Building on this diagnosis, we propose two
complementary inference-time interventions that
rescale the MoE block’s output before it is added
to the residual stream: (i) a grid-searched global α,
as a simple yet strong baseline that finds an optimal
scalar for uniformly rescaling the MoE-layer output
for all tokens, and (ii) a parameter-free, per-token
token α, a token-specific renormalization strategy
that stems directly from the routing-level diagnosis.
Both are training-free, add no latency, and are or-
thogonal to the choice of the reduction method. As
shown in Figure 1, they substantially improve over-
all retention (from 47.0% to 90.2% at two retained

experts) and approximately halve the multilingual
gap for every k (e.g., from 10.0pp to 4.4pp at k = 3
retained experts). We further observe that even non-
renormalizing models exhibit a small but consistent
norm sensitivity at aggressive expert reduction, but
in the opposite direction (undershoot), which the
same scalar correction recovers.

Contributions. 1⃝ We present the first systematic
multilingual evaluation of MoE models under top-k
reduction, covering 100 languages, three massively
multilingual MoE models, and five tasks. 2⃝ We
identify the cause of the resulting multilingual gap:
a pre-existing imbalance between the MoE and
residual-stream norms is amplified by the renormal-
ization over the surviving experts, with the ampli-
fication disproportionately affecting low-resource
languages. 3⃝ We propose two training-free and
latency-free interventions as a remedy: (i) a grid-
searched global (i.e., model-level) scalar—tuned
on a small amount of general-purpose text data—
for rescaling the MoE outputs and (ii) a parameter-
free per-token correction derived from the routing
weights. Both interventions substantially close the
multilingual gap and improve overall performance
retention under top-k reduction. Furthermore, we
provide evidence that the proposed interventions
are useful beyond MoE architectures evaluated in
the main body of the paper.

2 Related Work

Test-time top-k reduction. Due to increasing train-
ing and inference costs of large-scale MoEs, a
range of inexpensive test-time methods evolved
for reducing the number of expert activations in
pretrained MoEs without gradient updates. These
approaches operate at the token level, the layer
level, or both. At the token level, NAEE (Lu et al.,
2024) performs dynamic expert skipping in Mix-
tral. The second expert (in top-2 routing) is skipped
whenever its gating weight falls below a thresh-
old, calibrated for each layer on a small held-out
set. AdapMoE (Zhong et al., 2024) replaces the
fixed top-k with a sensitivity-aware gate whose
offline-calibrated threshold accounts for the hetero-
geneous robustness of early versus late layers. At
the layer level, LExI (Chitty-Venkata et al., 2025)
observes that expert redundancy varies significantly
with depth and casts per-layer top-k allocation as
a data-free evolutionary search over a Frobenius-
norm perturbation proxy, assigning more experts
to high-sensitivity layers under a fixed global ac-
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tivation budget. Bridging the two levels, Alloc-
MoE (Liu et al., 2026) formalizes the number of
activations as an expert activation budget and co-
ordinates layer-level and token-level allocation: a
dynamic-programming pass over sensitivity pro-
files (Alloc-L) determines per-layer budgets, and
a within-layer redistribution stage (Alloc-T) real-
locates activations toward tokens with less concen-
trated routing distributions. All four approaches
represent pure test-time interventions (i.e., they do
not require any gradient updates) and require only
lightweight calibration, making them directly ap-
plicable to any publicly released MoE checkpoint.
However, the effectiveness of all four approaches
is only evaluated on English benchmarks.

Our work is orthogonal on two axes: we study
multilingual MoEs and the effect of expert reduc-
tion on performance across languages, irrespective
of the expert reduction method. We thus resort to a
uniform test-time top-k reduction and characterize
the impact of weight renormalization under expert
reduction as a distinct cause of degradation.

Norm Analysis in Language Models. Activation
magnitudes in dense language models have been
analyzed along several axes, including outlier di-
mensions within hidden states (Timkey and van
Schijndel, 2021; Kovaleva et al., 2021; Dettmers
et al., 2022) and outlier tokens that produce mas-
sive activations (Sun et al., 2024; Yu et al., 2024).
A norm ratio between the layer output and the resid-
ual has long been used as an indicator of pretraining
instability; widely adopted approaches like batch or
layer normalization have been introduced to control
the growth of the residual norm with depth (Ioffe
and Szegedy, 2015; Wang et al., 2024; Vaswani
et al., 2017; Kim et al., 2025). In the MoE land-
scape, Lo et al. (2025) measure per-expert output
norms and relate them to routing scores. They,
however, (i) do not consider the aggregated MoE
block’s contribution to the residual, (ii) carry out
the analysis only for English, and (iii) do not pro-
pose any inference-time interventions to remedy
the inflated norms. No prior work measures the
magnitude of the MoE block outputs relative to
the residual stream, nor establishes connections
between a norm imbalance and multilingual perfor-
mance under expert reduction pressure.

3 Preliminaries

MoE Block. We consider MoE models that re-
place the dense feed-forward block of a trans-

former with a sparse mixture of size k over m
experts {Ei}mi=1. At any layer, a token represen-
tation x ∈ Rd is fed through a learned router
g : Rd → Rm followed by a softmax over all
m experts that assigns a gate weight wi(x) to each
expert: wi(x) = softmax (g(x))i. Next, for each
token, a set of top-k experts with the largest gate
weights is selected, Sk(x) = topk

(︁
{wi(x)}mi=1

)︁
,

followed by ℓ1 renormalization so that the selected
gate weights constitute a probability distribution:

w̃i(x) =
wi(x)∑︁

j∈Sk(x)
wj(x)

, i ∈ Sk(x). (1)

The output of the MoE block is finally the gate-
weighted sum of the outputs of selected experts:

MoE(x) =
∑︂

i∈Sk(x)

w̃i(x) · Ei(x). (2)

Throughout the paper, k denotes the number of
experts the model was trained to activate per token.

We observe that recent MoE releases such as
Qwen3 (Yang et al., 2025), Qwen3.5 (Qwen Team,
2026), Gemma4 (Team et al., 2026), and GPT-
OSS (Agarwal et al., 2025) consistently apply some
form of gate-weight renormalization over the se-
lected experts, either as an explicit ℓ1 normaliza-
tion over the top-k subset as above, or, equiva-
lently, as a softmax applied to the top-k largest
gate weights (e.g., in GPT-OSS). We suspect that
this design choice is motivated by training stabil-
ity: with renormalization, the expert weights do
not need to absorb scale variation produced by the
raw gate scores, since the gate distribution always
sums to one over the active set. Other variants
exist (e.g., no renormalization, as in Olmoe (Muen-
nighoff et al., 2025) or DeepSeek-v2 (Liu et al.,
2024); see Appendix B for more details).

Top-k Reduction. Top-k reduction is a parameter-
free inference-time intervention that activates
only the top-r experts per token, with r<k.
We replace the top-k set Sk(x) with Sr(x) =
topr

(︁
{wi(x)}mi=1

)︁
, the r experts with the high-

est gate weights. Under standard top-k reduction,
the surviving experts flow through the very same
gate-normalization pipeline, with ℓ1 renormaliza-
tion now applied over the reduced set, i.e., with r
and Sr instead of k and Sk, respectively, in Eqs. (1)
and (2). In what follows, we show that this renor-
malization over surviving r experts—rather than
the reduction in the number of experts itself—is
responsible for the negative effects from Figure 1.
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4 Analysis

4.1 Experimental Details

We analyze and evaluate three massively multilin-
gual MoE models: Qwen3 (30B-A3B) (Yang et al.,
2025), Qwen3.5 (35B-A3B) (Qwen Team, 2026),
and Gemma4 (26B-A4B) (Team et al., 2026), us-
ing the base version of each. For all three models,
k=8. We evaluate them on a total of 100 languages,
across five tasks: Belebele (Bandarkar et al., 2024),
GlobalMMLU (Singh et al., 2025), XCOPA (Ponti
et al., 2020), XStoryCloze (Lin et al., 2022), and
x2en translation on Flores+ (NLLB Team et al.,
2024).1 We perform zero-shot evaluation on all
tasks by gradually reducing the number of active
experts from the default of r = k = 8 down to
r = 2. Unless otherwise specified, we report av-
erage performance across all tasks and languages.
We report two primary measures: (1) the absolute
drop in average performance w.r.t r=k=8 and the
relative retained average performance, i.e., the ra-
tio of performance for a given r divided by the
performance with r=k=8.

To analyze trends across resource levels, we clus-
ter the evaluation languages into five tiers, fol-
lowing Joshi et al. (2020), with T5 containing
the highest-resource languages and T1 the lowest-
resource ones. For cross-tier comparisons, we limit
the evaluation to Belebele and Flores+, the only
tasks that cover all evaluation languages; we do
this to avoid confounding in the tier averages from
per-task language availability. We restrict the eval-
uation of Qwen3 to its 73 supported languages (out
of the 100 covered by our evaluation). Qwen3.5
supports all our evaluation languages; Gemma4 is
declared to support 200 languages, but we could
not find their list: we assume that it supports all of
our evaluation languages. We provide full details
on the evaluation protocol in Appendix A.

4.2 Multilingual Evaluation

Retention Behavior. Table 1 summarizes the
results of our multilingual evaluation. Qwen3.5
shows the best average performance, followed by
Qwen3 and Gemma4. The performance ranking
reflects the total number of parameters of the eval-
uated models. Note that Table 1 does not allow for
cross-tier comparisons, but only for cross-model

1We restrict the translation evaluation to x2en to avoid
performance flooring effects associated with the generation
of low-resource languages, i.e., that models cannot degrade
further. Flooring performance dilutes the retention analysis.

and cross-k comparisons. This is because different
tasks cover different language sets. For all three
models, we observe robust performance across
tasks and languages down to r=6 (and even r=5
for Qwen3.5 and Gemma4), retaining more than
95% of the original performance (i.e., performance
with r=k=8). As r=6 corresponds to dropping
roughly 25% of the sparsely activated experts, this
result indicates that MoEs tolerate a moderate re-
duction of their sparse compute at inference time
without major degradation, presumably because
the remaining dense computation—attention, resid-
ual MLP, and any shared expert—carries the bulk
of the signal. However, retaining r=6 does not
yield the same active-parameter reduction across
models, and consequently not the same inference
speed-up. The rate of parameter reduction depends
not only on the chosen r, but also on the size of
shared components that are always active and thus
unaffected by the top-k reduction.

We display the retained performance as (a) a
function of k and (b) fraction of the active FFN
parameters in Figures 2a and 2b, respectively. All
models degrade sharply once fewer than 5 experts
are activated. Qwen3.5 and Gemma4 retain mod-
erate performance even at low r, whereas Qwen3
degrades more sharply. We hypothesize that this is
because Qwen3 has no shared expert and therefore
relies more heavily on the sparsely activated ex-
perts. Furthermore, Gemma4 degrades most grace-
fully as a function of r (Figure 2a), but Qwen3.5
degrades most gracefully as a function of active-
parameter fraction (Figure 2b). This is because
of Gemma4’s large shared expert, which is three
times the size of its sparsely activated experts and
keeps Gemma4’s active-parameter floor high re-
gardless of r. Regarding the inference speedup—
the practically relevant axis—Qwen3.5 is the most
reduction-friendly architecture, owing to its small
shared expert: a large shared expert (Gemma4)
limits the achievable FLOPs savings because it
dominates the active-parameter budget, whereas
the absence of a shared expert (Qwen3) collapses
the performance for a reduced sparse path (r<k).

Multilingual Retention Gap. In addition to the
steep degradation at low k, we observe a widen-
ing performance retention gap between high- and
low-resource languages as r decreases, which we
refer to as the multilingual retention gap. We show
the multilingual retention gap between the high-
resource (T5) and the low-resource languages (T1)
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Qwen3-30B-A3B Gemma4-26B-A4B Qwen3.5-35B-A3B
Tier r=8 r=6 Ret6 r=5 Ret5 r=8 r=6 Ret6 r=5 Ret5 r=8 r=6 Ret6 r=5 Ret5

T5 78.5 77.4 98.6 75.5 96.1 76.2 75.3 98.9 74.1 97.2 82.9 82.1 99.1 81.0 97.7
T4 78.6 76.7 97.6 73.5 93.5 76.1 74.9 98.4 73.5 96.5 83.8 82.9 99.0 82.0 97.9
T3 78.2 75.2 96.2 71.9 92.0 75.1 73.7 98.1 72.0 95.8 84.1 83.0 98.7 81.6 97.0
T2 66.8 64.5 96.8 60.0 90.1 59.9 58.2 97.3 56.5 94.4 70.8 69.2 97.7 67.6 95.2
T1 72.6 69.3 95.4 64.5 88.8 61.3 59.3 96.9 57.7 94.1 71.6 70.0 97.6 68.6 95.7

Avg 75.8 73.3 96.6 69.7 91.8 68.0 66.4 97.6 64.8 95.2 77.3 76.0 98.2 74.7 96.5

Table 1: Mean task performance at r=k=8 (full), r=6, and r=5, with retentions Ret6, Ret5 (%). Averaged across
Belebele, GlobalMMLU, XCOPA, XStoryCloze. Per-language mean across available tasks, then mean across
languages within tier. Qwen3 is restricted to its 73 supported languages.
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Figure 2: Mean performance retention across the three MoE models as a function of (a) the number r of retained
top-k experts and (b) the fraction of active parameters of the FFN layer (including any shared experts).

as a function of r in Figure 3.2. The results closely
mirror the overall retention trends from Figure 2:
Gemma4 widens the gap the least as a function of
r, Qwen3.5 widens the gap the least as a function
of active-parameter fraction, and Qwen3—which
lacks a shared expert—exhibits the largest mul-
tilingual gap on both axes. We omit r = 2 for
Qwen3 because the overall model performance
completely collapses. At near-random performance
levels for all languages, none of them has “any-
thing left to lose”, so the gap is close to 0. This
prevents a meaningful cross-language analysis. We
observe a (much) softer version of the same effect
for Qwen3.5, where at r = 2 the gap somewhat
deviates from the overall trajectory observed for
k > 2 as some languages hit floor performance.

Source of Degradation. To understand the source
of the performance degradation, we analyze the
retained direction of the MoE block outputs when
reducing from r=k=8 to r=4 experts. We com-
pute the average per-token cosine similarity across
language tiers between the full top-k and reduced
top-r outputs across all layers, and report the re-

2We show the complementary view of multilingual reten-
tion gap against the percentage of retained active parameters
of the FFN in Appendix D.
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Figure 3: High- to low-resource (T5–T1) multilingual
retention gap (pp) across the three MoE models as a
function of the number r of retained top-k experts.

sults in the top half of Table 2. While Qwen3.5
and Gemma4 exhibit a largely consistent decrease
in similarity as we move from higher- to lower-
resource language tiers, the same does not hold for
Qwen3; yet Qwen3 is the model with the largest
multilingual retention gap (see Figure 3). This im-
plies that the multilingual retention gap cannot be
solely attributed to a divergence in the direction
between the full top-k and reduced top-r outputs.

We therefore turn to the magnitudes of the sig-
nals involved (i.e., L2 norms of MoE outputs)
and report, in the bottom half of Table 2, the
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Model T5 T4 T3 T2 T1

Cosine Similarity (r=k=8 vs. r=4)

Qwen3 0.770 0.759 0.756 0.771 0.772
Qwen3.5 0.809 0.796 0.785 0.767 0.772
Gemma4 0.911 0.907 0.903 0.902 0.904

MoE/Residual Norm Ratio (r=k=8)

Qwen3 0.131 0.150 0.158 0.159 0.163
Qwen3.5 0.183 0.201 0.207 0.216 0.214
Gemma4 0.064 0.064 0.064 0.068 0.066

Table 2: Evidence of a language-tier-dependent source
of degradation. Top: mean cosine similarity between
full (r=k=8) and reduced (r=4) MoE block outputs.
Bottom: MoE-to-residual norm ratio at r=k=8.

0 10 20 30 40
Layer

0.1

0.2

0.3

0.4

0.5

M
oE

 / 
R

es
 N

or
m

r = k = 8
r = 4

Figure 4: Per-layer MoE-to-residual norm ratio for
Qwen3.5, comparing the reference r=k=8 to the renor-
malized output after reducing to r=4, averaged across
100 languages. Across all layers, top-k reduction over-
shoots the reference ratio, amplifying the relative MoE
contribution to the residual stream.

per-tier MoE-to-residual L2-norm ratio at k=8—a
quantity that, to the best of our knowledge, has
not yet been examined in prior magnitude analy-
ses of MoE models (Sun et al., 2024; Lo et al.,
2025). The MoE-to-residual norm ratio displays
a language-tier-dependent trend: it largely consis-
tently grows from high- to low-resource tiers for
all three MoE models: the cause for this trend
is the generally smaller residual-stream norms of
lower-resource languages. As a consequence, the
relative MoE contribution is substantially larger
for low(er)-resource languages: from T5 to T1,
it increases by roughly 24% for Qwen3, 17% for
Qwen3.5, and only 3% for Gemma4—mirroring
the order of models by size of their multilingual
gaps. We interpret this as follows: low-resource
languages have a smaller residual buffer to absorb
the directional shift introduced by expert reduction
and therefore disproportionately suffer from it.

Finally, we examine how this magnitude imbal-
ance interacts with top-k reduction itself. Figure 4
compares the per-layer MoE-to-residual L2−norm

ratio at the reference r=k=8 to the same ratio after
renormalization at r=4 reduction. We observe that,
for all three models and the vast majority of lay-
ers, the reduced (r=4) MoE-to-residual ratio over-
shoots the reference one (r=k=8). This means that
top-k reduction systematically amplifies the MoE
component’s relative contribution w.r.t the resid-
ual stream (we provide the corresponding plots for
Qwen3 and Gemma4 in Appendix E). This over-
shoot is a direct consequence of the gate-weight
renormalization in the MoE module (Section 3),
which redistributes the full probability mass (after
softmax) among the surviving experts, thereby in-
flating their effective contributions. Prior work on
analyzing the design dimensions of MoE models
(Lu et al., 2024; Chitty-Venkata et al., 2025) did not
deliberately examine this renormalization as an im-
portant design dimension. The top-r MoE output is
already a noisy approximation of the top-k output
(see the top half of Table 2); the norm overshoot
(relative to the residual) thus inflates this already
noisier signal. The norm overshoot is the connec-
tion between the magnitude change and directional
damage: it amplifies the directional perturbation
introduced by top-k reduction. The amplified noisy
signal then propagates through the residual stream.
Representations of low-resource languages, which
inherently exhibit lower residual norms, are most
affected by this amplification; consequently, these
languages have the lowest performance retention
under inference-time top-k reduction.

5 Intervention

Our analysis suggests that controlling the norms of
MoE block outputs is crucial for mitigating perfor-
mance loss under aggressive test-time top-k reduc-
tion. Accordingly, we introduce two interventions
that rescale the top-r MoE contribution so as to
restore the cosine similarity between the top-k and
top-r MoE outputs: (1) global α, a naive baseline
that grid-searches for a model-level optimal scalar
for rescaling, and token α, a principled, per-token
correction, directly informed by our analysis.

Global α. As a baseline, we rescale all top-r MoE
contributions (i.e., model-level, for all tokens and
across all layers) with a single global scalar α,
found via grid search. The point at which α is
applied depends on the exact MoE architecture. In
models that add the ℓ1-weighted expert sum di-
rectly to the residual stream or shared expert output
(Qwen3 and Qwen3.5), α multiplies the output of
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Figure 5: Mean retention as a function of r under standard top-k reduction, the global α, and token α, grouped by
post-ℓ1 normalization scheme: (a) ℓ1-normalized (Qwen3, Qwen3.5); (b) ℓ1-normalized + RMSNorm (Gemma4).

the MoE block. In models that apply an additional
normalization between the ℓ1 step and the resid-
ual (shared expert) addition—such as Gemma4,
which inserts an RMSNorm layer (Zhang and Sen-
nrich, 2019)—the scaling must be applied after
that normalization, since otherwise the correction
is rescaled and washed away. The two variants can
be unified as follows:

MoEα
r (x) = α ·Norm(MoEr(x)) , (3)

where Norm(·) denotes the architecture-specific
post-ℓ1 normalization, i.e., RMSNorm for Gemma4
and an identity function for Qwen3 and Qwen3.5.

We choose α that maximizes the median cosine
similarity between the top-k and top-r MoE out-
puts, after their addition to the residual stream,
pooled across all tokens, layers, and validation lan-
guages. For the validation set, we randomly take
sentences from Flores+, 10 for each of our 100
evaluation languages. We grid-search α with the
step 0.05 over α ∈ [0.25, 1.0].

Token α. Under standard top-k reduction, the gate-
weights of surviving experts are divided by the
smaller mass

∑︁
j∈Sr(x)

wj(x) rather than by the
training-time mass

∑︁
j∈Sk(x)

wj(x). This suggests
a principled per-token correction: rescale MoEr(x)
by the ratio of these two masses, directly undoing
the token-specific inflation. We set

α token(x) =

∑︁
j∈Sr(x)

wj(x)∑︁
j∈Sk(x)

wj(x)
, (4)

and apply it at the same point as global α. Note
that this is equivalent to retaining the training-time
ℓ1 renormalization (over the top-k set) but zeroing
out the gate-weight contributions of experts not
in Sr(x). Token α has three practical advantages.
First, the top-k sum in the denominator can be
computed at virtually no additional cost during

Qwen3 Qwen3.5 Gemma4
r global α token α global α token α global α token α

7 0.95 0.94 0.95 0.92 1.00 0.93
6 0.85 0.86 0.85 0.84 1.00 0.86
5 0.80 0.78 0.80 0.75 0.95 0.77
4 0.70 0.69 0.70 0.65 0.95 0.67
3 0.60 0.57 0.60 0.54 0.95 0.55
2 0.50 0.44 0.50 0.40 0.90 0.41

Table 3: Global vs. token α for different r. For token α,
we report the median of α token(x).

routing. Second, the resulting rescaling is token-,
layer-, and language-adaptive by design: the top-k
sum is computed per input token, each layer has
its own router (and its own gate-weight sum), and
the activated experts vary with the input language.
Third, it eliminates the hyperparameter α and the
validation step needed to tune it.

Overall Retention Results. Figure 5 shows the
overall mean retention with our interventions. For
Qwen3 (Qwen3.5) both interventions substantially
close the retention gap opened by standard top-k re-
duction, and the gains grow sharply as r decreases.
At r=4, standard top-k reduction drops to 84.7%
(92.2%), while the interventions recover to 94.2%
(98.1%) with global α and 94.0% (98.2%) with
token α. At r=2 standard top-k reduction col-
lapses to 30.1% on Qwen3 (47.0% on Qwen3.5);
our interventions more than double these numbers:
global α recovers to 70.0% (89.3%), and token α
to 69.1% (90.2%). Token α tracks global α closely
at every r, showing that the more principled per-
token correction yields the same benefits, without
the additional cost of tuning the rescaling scalar.
We provide further evidence for the practical equiv-
alence of token α and global α in Table 3: the me-
dian per-token α token(x) tracks the grid-searched
global α closely, and the median cosine similar-
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Figure 6: High- to low-resource (T5–T1) multilin-
gual retention gap (pp) under standard top-k reduction,
global α, and token α, for Qwen3 and Qwen3.5.

ity between the full top-k and reduced top-r MoE
block outputs is nearly identical for both interven-
tions. Surprisingly, despite its flexibility, token α
does not yield a performance advantage over the
single scalar global α. This questions the sugges-
tions from prior work (Li et al., 2023; Liu et al.,
2026) that MoE routing offers an exploitable token-
level gate-weight spread under top-k reduction.

For Gemma4, global α follows the same trend
as for Qwen3 and Qwen3.5—growing retention im-
provements over standard top-k reduction with the
decrease in r—but these are markedly smaller in
magnitude: at r=2, retention improves from 64.5%
to 67.8% (+3.3 pp); at r=4, from 93.5% to 94.1%
(+0.6 pp). The selected α ranges from 0.90 at r=2
to 1.00 at r≥6. It is because this MoE—due to the
integrated RMSNorm—was trained to rely almost
exclusively on direction; the small but consistent
improvements from our interventions at aggressive
reductions confirm the value of magnitude correc-
tion. Token α, however, is destructive for Gemma4,
because the correction is too aggressive given the
architecture’s pervasive RMSNorm, which trains
the model to operate on near-unit-norm vectors.

Multilingual Gap Results. Beyond overall reten-
tion, both interventions substantially reduce the
multilingual gap, as shown in Figure 6 for Qwen3
and Qwen3.5; we provide the corresponding plot
for Gemma4 in Appendix G. The pattern mirrors
that of overall retention: both interventions ap-
proximately halve the gap at every r, with the
growth of absolute reduction as r decreases. For
Qwen3 (Qwen3.5), the gap shrinks from 19.5pp
(10.0pp) under standard top-k to 11.7pp (5.1pp)
under global α and 11.8pp (4.4pp) under token α
at r=3. For Gemma4, the behavior mirrors that
for overall retention: the gain under global α is

consistent, but comparably small in magnitude.

Other Multilingual MoEs. We analyze three
contemporary MoE families (Qwen3, Qwen3.5,
Gemma4) that share an explicit gate-weight renor-
malization step, the same number of top-k experts
(k=8) and a large total number of experts (128 for
Gemma4 and Qwen3, 256 for Qwen3.5), but the
diagnosis and the proposed interventions apply to a
broader set of MoE models. In Appendix I, we pro-
vide evidence that our intervention improves top-k
reduction for other ℓ1-renormalizing architectures
(e.g., Mixtral (Jiang et al., 2024) with top-2 routing
and 8 experts) as well as for alternative renormal-
ization schemes such as GPT-OSS’s softmax-over-
top-k (Agarwal et al., 2025). Surprisingly, we show
that even non-renormalizing architectures show a
norm sensitivity at aggressive top-k reduction. For
Olmoe (Muennighoff et al., 2025), we observe the
opposite phenomenon for small r: the MoE con-
tribution to the residual stream undershoots the
training-time magnitude rather than overshooting
it, and global α with α>1 yields consistent im-
provements. The size of these gains is compara-
ble to Gemma4’s: small but consistent across r,
confirming that the underlying mechanism—a mis-
match between training-time and test-time MoE
magnitudes—generalizes beyond the renormaliz-
ing MoE architectures.

6 Conclusion

This work offers the first systematic study of
test-time top-k reduction in multilingual MoE
language models, evaluating three MoEs across
100 languages and 5 tasks. We first reveal that
top-k reduction induces a structural multilingual
gap: low-resource languages collapse earlier than
high-resource ones. We then trace this gap to
a renormalization-induced norm overshoot inside
the MoE block: the increased norms of surviv-
ing experts inflate the MoE contribution to the
residual stream; this disproportionately affects low-
resource languages with inherently smaller resid-
ual norms. Building on this diagnosis, we intro-
duce two training- and latency-free interventions:
a grid-searched global scalar (global α) and a per-
token correction (token α) derived directly from
the routing weights. Both substantially recover
performance and reduce the multilingual gap. We
recommend token α for MoEs that add the renor-
malized expert sum directly to the residual stream,
and global α otherwise.
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Limitations

Most of our analysis relies on the relative retained
downstream performance under top-k reduction
compared to the performance at the full top-k, eval-
uated across a broad range of languages with vary-
ing resource levels. Such an analysis inherently
requires models and tasks that produce a meaning-
ful performance gradient across languages, particu-
larly for low-resource ones: a model that reaches
near-random performance on a language cannot de-
grade further, which dilutes the analysis. Both the
models and the tasks that meet this requirement are
limited; this is especially the case for open-ended
generative tasks beyond translation.

On the model side, the MoE variants we evaluate
already represent the strongest multilingual capa-
bilities available to date, with Qwen3—a model
with a stronger multilingual focus than comparable
contenders such as GPT-OSS or Phi3.5—being just
multilingual enough to expose the required gradi-
ent.

On the task side, the multilingual gap analysis
requires that the tasks support all languages equally,
or that the language set is reduced to the intersec-
tion of languages covered by the evaluated tasks.
This is a prerequisite for cross-tier comparisons:
otherwise, a task with high retained performance
that covers only a subset of the language tiers con-
founds the analysis. We observed exactly this be-
havior when including XCOPA and XStoryCloze,
which both retain gracefully and predominantly
cover high-resource languages. Including them in
the multilingual gap analysis substantially lifted
the high-resource (T5) retention, suggesting both a
larger multilingual gap and a stronger intervention
effect (i.e., there was less to correct for T5, while
T1 remained unchanged). We therefore deliber-
ately omit these two tasks from the gap analysis
for the soundness of our conclusions. Appendix H
further reports how the gap behaves when addi-
tionally including GlobalMMLU and restricting
the languages to the intersection of the three tasks
(Belebele, GlobalMMLU, and translation), result-
ing in only 39 languages skewed towards higher
resource levels.

Furthermore, for generative tasks, our evaluation
is limited to translation. Evaluating a broader set
of open-ended generative tasks could further char-
acterize the downstream impact of top-k reduction
in the multilingual setting.

Lastly, we evaluate the base version of each

model. We acknowledge that the post-trained coun-
terparts of the evaluated models could respond dif-
ferently to top-k reduction. We do, however, pro-
vide evidence that the impact of this choice on our
conclusions is limited: GPT-OSS (Agarwal et al.,
2025), which we evaluate on English Belebele in
Appendix I, is a post-trained model, and it exhibits
both the renormalization-induced norm overshoot
and its mitigation under our intervention.
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A Experimental Details

Models. We evaluate the base version of each
model: Qwen3 (Apache 2.0) (Yang et al., 2025),
Qwen3.5 (Apache 2.0) (Qwen Team, 2026), and
Gemma4 (Apache 2.0) (Team et al., 2026). All
models and datasets are loaded through Hugging
Face Transformers (Wolf et al., 2020) (Apache
2.0). Non-translation tasks are evaluated through
lm-evaluation-harness (Gao et al., 2024) (MIT).

Tasks. We use five multilingual benchmarks un-
der zero-shot prompting. Belebele (Bandarkar
et al., 2024) (CC BY-SA 4.0) provides 900 multiple-
choice reading-comprehension questions per lan-
guage. GlobalMMLU (Singh et al., 2025) (Apache
2.0) provides 14 000 multi-subject multiple-choice
questions per language. XCOPA (Ponti et al., 2020)
(CC BY 4.0) provides 500 causal-commonsense
items per language. XStoryCloze (Lin et al., 2022)
(CC BY-SA 4.0) provides 1 511 items per language.
Flores+ (NLLB Team et al., 2024) (CC BY-SA 4.0)
provides 1 024 parallel sentences per language in
its devtest split; we evaluate x2en (translation into
English) to avoid floor effects on low-resource tar-
gets. We report accuracy on all tasks except trans-
lation, where we report chrF.

Translation sampling. To reduce GPU cost, we
evaluate Flores+ on a random sample of 200 sen-
tence pairs per language rather than the full 1 024-
sentence devtest. We verified that the 200-sentence
sample yields chrF scores approximately matching
those on the full set; for the purpose of analyzing
per-tier gradients, the difference is negligible in
favor of the substantial reduction in GPU compute.

Reduction sweep and tiering. We sweep the
number of activated experts r ∈ {2, 3, 4, 5, 6, 8}
for all models. Multilingual evaluation covers up to
100 languages depending on per-task availability;
Qwen3 is restricted to its 73 officially supported
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languages. For the cross-tier (T5–T1) analyses,
we limit to Belebele and translation to avoid con-
founding from per-task language availability. Tier
assignments follow Joshi et al. (2020).

Compute. All evaluations are run on NVIDIA
H100 GPUs. We estimate the total compute for the
full experimental sweep at ∼4,000 GPU hours.

B MoE Architectural Variants

We summarize how the architectures referenced
in Section 3 differ along the gate-weight renor-
malization axis. Table 4 reports the architectural
properties of the three main-body MoE models.

ℓ1 renormalization over the top-k subset. Mix-
tral (Jiang et al., 2024) (8 experts, top-2 rout-
ing), Qwen3 (Yang et al., 2025), Qwen3.5 (Qwen
Team, 2026), and Gemma4 (Team et al., 2026)
all renormalize the gate weights over the active
set. Gemma4 additionally applies an RMSNorm
after the ℓ1 step, making the block output near-
magnitude-invariant by construction.

Softmax restricted to the top-k subset. GPT-
OSS (Agarwal et al., 2025) computes the softmax
only over the top-k logits, which is functionally
equivalent to ℓ1 renormalization of a softmax over
all experts.

No renormalization.. Olmoe (Muennighoff et al.,
2025) and DeepSeek-v2 (Liu et al., 2024) apply the
raw (non-renormalized) gate weights to the selected
experts; the gate distribution does not sum to one
over the active set. We include DeepSeek-v2 as an
example; we do not evaluate it.

C α Grid Search

The selection criterion follows Section 5: for each
candidate α, we pool the per-token cosine similari-
ties between the full top-k and the rescaled top-r
hidden state after the MoE output has been added
to the residual stream, across all tokens, all MoE
layers, and all 100 validation languages, and take
the median of that pool. The selected α is the
value that maximizes this pooled median, and is
applied uniformly across all layers, tokens, and lan-
guages at inference. We adopt the after-residual
measurement point because it is the only point that
is architecture-agnostic across the ℓ1-only (Qwen3,
Qwen3.5) and ℓ1+RMSNorm (Gemma4) variants;
we verified that, for the ℓ1-only models, measuring
at the MoE block output, after the shared-expert
sum, or after the residual yields essentially the

same global α. The selected values are reported in
Table 3.

D Multilingual Gap (Active-Parameters)

Figure 7 reports the T5–T1 multilingual retention
gap as a function of the FFN active-parameter frac-
tion considering shared experts, complementing
the gap-vs-k view in Figure 3. Under this axis,
Qwen3.5’s small shared expert achieves the small-
est gap per active parameter.
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Figure 7: High- to low-resource (T5–T1) multilingual
retention gap (pp) as a function of the FFN active-
parameter fraction considering shared experts.

E Norm Ratio for Qwen3 and Gemma4

Figures 8 and 9 show the per-layer MoE-to-residual
norm ratio for Qwen3 and Gemma4, respectively,
complementing the main-body view for Qwen3.5
in Figure 4. Both models exhibit the same over-
shoot pattern under top-k reduction. We point out
that for Gemma4 the overshoot is erased by the RM-
SNorm that follows the renormalization, explaining
the model’s weaker sensitivity to renormalization.
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Figure 8: Per-layer MoE-to-residual norm ratio for
Qwen3, comparing the reference r=k=8 to the renor-
malized output after reducing to r=4, averaged across
100 languages.
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Qwen3 Qwen3.5 Gemma4 Mixtral DS-V2-Lite GPT-OSS Olmoe

Total params 30B 35B 26B 47B 16B 21B 7B
Active params 3B 3B 4B 13B 2.4B 3.6B 1.3B
Vocab size 151 936 248 320 262 144 32 000 102 400 201 088 50 304
Layers 48 40 30 32 27 24 16
# total experts 128 256 128 8 64 32 64
# active experts 8 8 8 2 6 4 8
Shared expert (× active) — 1× 3× — 2× — —
Renormalization ℓ1 ℓ1 ℓ1+RMSNorm ℓ1 none softmax-k none

Table 4: Architectural properties of the MoE models considered. The shared-expert row reports the total intermediate
size of shared experts as a multiple of a single routed expert’s intermediate size (— indicates no shared expert).
“softmax-k” denotes a softmax restricted to the top-k subset.
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Figure 9: Per-layer MoE-to-residual norm ratio for
Gemma4, comparing the reference r=k=8 to the renor-
malized output after reducing to r=4, averaged across
100 languages.

F Source of Degradation: Per-Layer
Details

We describe the metric aggregation used for Ta-
ble 2 and Figures 4, 8, and 9. All quantities are
computed on the full Flores+ dev set across all 100
languages. For both the cosine similarity (top half
of Table 2) and the MoE-to-residual norm ratio
(bottom half), the aggregation proceeds in three
stages: (i) for each (language, layer) pair, we take
the mean over all tokens; (ii) for each language, we
take the mean over all MoE layers; (iii) for each
resource tier, we take the mean over the languages
in that tier. The cosine similarities compare the full
top-k=8 MoE block output against the renormal-
ized top-k=4 output. The MoE/residual norm ratio
is computed at k=8. The per-layer MoE/residual
overshoot figures (Figures 4, 8, and 9) follow the
same per-(language, layer) token mean as (i), but
in step (iii) we average across all 100 languages
rather than per tier.

G Multilingual Gap for Gemma4

Figure 10 shows the T5–T1 multilingual retention
gap on Gemma4 under top-k reduction and the

Qwen3 Qwen3.5 Gemma4

r Ratio Over. Ratio Over. Ratio Over.

8 (ref) 0.157 1.000 0.208 1.000 0.065 1.000

7 0.162 1.031 0.217 1.044 0.067 1.027
6 0.167 1.068 0.228 1.096 0.069 1.063
5 0.175 1.116 0.241 1.160 0.073 1.112
4 0.185 1.178 0.258 1.242 0.077 1.183
3 0.198 1.265 0.281 1.352 0.084 1.291
2 0.219 1.397 0.314 1.511 0.097 1.479

Table 5: Per-r MoE-to-residual norm ratio and over-
shoot factor by model. The Ratio column is the mean
MoE-to-residual norm ratio under top-k reduction, aver-
aged per (language, layer), then over layers within each
language, then over all 100 languages. The Overshoot
column reports the same quantity normalized by the
reference at r=k=8.

global α intervention, complementing the main-
body view for Qwen3 and Qwen3.5 in Figure 6.
The gap reduction is smaller than for the ℓ1-only
architectures, consistent with the smaller retention
gains observed for Gemma4 (Section 5).
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Figure 10: High- to low-resource (T5–T1) multilingual
retention gap (pp) as a function of r for Gemma4 under
top-k reduction and global α.
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H Robustness of Multilingual Gap

The multilingual gap analysis in the main body
uses Belebele and translation because those are
the only two tasks that cover all 100 evaluated
languages. To check that the gap and its reduc-
tion under our interventions are not artifacts of that
particular task selection, we additionally include
GlobalMMLU—restricting the language pool to
the 39 languages supported by all three tasks. We
point out that these 39 languages are generally
higher resourced. Table 6 reports the T5−T1 reten-
tion gap on this 39-language pool. The gap reduc-
tion under global α and token α is smaller than on
the full 100-language pool, as expected given the
higher-resource skew, but the qualitative pattern
persists: standard top-k reduction widens the gap
as k decreases, and both interventions reduce it at
lower k on every model.

Qwen3 Qwen3.5 Gemma4

r Std Glo α Tok α Std Glo α Tok α Std Glo α

7 2.0 2.0 2.1 0.1 0.3 0.2 0.1 0.1
6 4.1 3.4 3.7 1.0 0.7 0.5 1.2 1.2
5 7.7 4.7 4.9 2.1 1.1 1.0 1.9 0.8
4 13.3 7.5 8.7 4.3 2.1 2.0 3.0 3.0
3 17.6 13.1 13.4 10.4 4.8 4.1 5.5 5.3
2 – – – 15.8 10.2 8.9 10.2 9.2

Table 6: High- to low-resource (T5–T1) retention gap
(pp) on Belebele, Translation and GlobalMMLU (39
languages). Qwen3 at r=2 is omitted because top-k
reduction collapses for that model.

I Results for Mixtral, GPT-OSS, Olmoe

We provide additional evidence that the diagnosis
and the proposed correction generalize beyond the
three models analyzed in the main body. We eval-
uate three additional models with different MoE
properties (Table 4): Mixtral (Jiang et al., 2024)
(explicit ℓ1 renormalization over the top-2 sub-
set), GPT-OSS (Agarwal et al., 2025) (softmax
restricted to the top-4 subset), and Olmoe (Muen-
nighoff et al., 2025) (no renormalization). We limit
the evaluation to Belebele English.

Renormalizing Architectures Mixtral and GPT-
OSS exhibit the same renormalization-induced
norm overshoot as Qwen3.5, Qwen3, and Gemma4
(Tables 7 and 8): the MoE-to-residual norm ra-
tio rises monotonically as k decreases, reaching
1.08× at k=1 for Mixtral and 1.20× for GPT-OSS.
Applying token α retains accuracy better than stan-

dard top-k reduction, and the improvement grows
with the overshoot: on Mixtral (GPT-OSS),token α
lifts retention from 78.9% to 86.4% at k=1 (from
14.8% to 53.4%).

Standard Token α MoE/Res Over.

r Abs Ret Abs Ret

2 74.9 100.0 - - 0.167 1.000
1 59.1 78.9 64.7 86.4 0.181 1.079

Table 7: Mixtral on Belebele English across different
values of r.

Standard Token α MoE/Res Over.

r Abs Ret Abs Ret

4 95.1 100.0 - - 0.305 1.000
3 94.4 99.3 94.1 98.9 0.310 1.017
2 89.1 93.7 89.7 94.3 0.320 1.049
1 14.1 14.8 50.8 53.4 0.366 1.200

Table 8: GPT-OSS on Belebele English across different
values of r.

Standard Global α MoE/Res Over.

r Abs Ret α Abs Ret

8 44.7 100.0 - - - 0.319 1.000
7 44.8 100.2 1.00 44.8 100.2 0.318 0.997
6 44.2 99.0 1.00 44.2 99.0 0.317 0.992
5 41.9 93.8 1.05 41.6 93.0 0.315 0.985
4 40.2 90.0 1.05 40.3 90.3 0.312 0.978
3 34.9 78.1 1.05 35.6 79.6 0.307 0.960
2 28.3 63.4 1.20 29.1 65.2 0.292 0.915

Table 9: Olmoe on Belebele English across different
values of r.

Non-Renormalizing Architecture. Olmoe
shows the opposite pattern (Table 9): the MoE-
to-residual norm ratio undershoots reference,
monotonically decreasing as k decreases (down
to 0.92× at r=2). Token α is not applicable
here—without renormalization there is no inflation
to undo and the ratio of routed masses is by
construction ≤ 1, which would compound rather
than counteract the undershoot. We therefore
evaluate global α with the grid restricted to
α ≥ 1. The gains are small but consistent across
k, comparable in magnitude to those observed for
Gemma4, consistent with our diagnosis that the
renormalization-induced overshoot is the dominant
lever and that non-renormalizing architectures
are correspondingly less sensitive to magnitude
correction.
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J Language Coverage

Tier Language Qwen3 Qwen3.5 Belebele Translation GlobalMMLU XCOPA XStory

T5 Arabic x x x x x x
T5 Chinese (S.) x x x x x x x
T5 English x x x x x
T5 French x x x x x
T5 German x x x x x
T5 Japanese x x x x x
T5 Spanish x x x x x

T4 Basque x x x x x
T4 Catalan x x x x
T4 Croatian x x x x
T4 Czech x x x x x
T4 Dutch x x x x x
T4 Finnish x x x x
T4 Hindi x x x x x x
T4 Hungarian x x x x
T4 Italian x x x x x
T4 Korean x x x x x
T4 Persian x x x x x
T4 Polish x x x x x
T4 Portuguese x x x x x
T4 Russian x x x x x x
T4 Serbian x x x x x
T4 Swedish x x x x x
T4 Turkish x x x x x
T4 Vietnamese x x x x x x

T3 Afrikaans x x x x
T3 Bengali x x x x x
T3 Bulgarian x x x x
T3 Cebuano x x x x
T3 Danish x x x x
T3 Estonian x x x x x
T3 Filipino x x x x x
T3 Georgian x x x x
T3 Greek x x x x x
T3 Hebrew x x x x x
T3 Indonesian x x x x x x x
T3 Kazakh x x x x
T3 Latvian x x x x
T3 Lithuanian x x x x x
T3 Malay x x x x x
T3 Romanian x x x x x
T3 Slovak x x x x
T3 Slovenian x x x x
T3 Tamil x x x x x
T3 Thai x x x x x
T3 Ukrainian x x x x x
T3 Urdu x x x x
T3 Uzbek x x x x

Table 10: Per-language coverage of the five evaluation tasks. The “Qwen3” and “Qwen3.5” columns mark each
model’s officially supported languages (73 for Qwen3, all 100 for Qwen3.5); the remaining columns mark per-task
language availability (Belebele, FLORES Translation, GlobalMMLU, XCOPA, XStoryCloze). Part 1: tiers T5–T3.
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Tier Language Qwen3 Qwen3.5 Belebele Translation GlobalMMLU XCOPA XStory

T2 Amharic x x x x
T2 Haitian Creole x x x x x
T2 Hausa x x x x
T2 Icelandic x x x x
T2 Lao x x x x
T2 Maltese x x x x
T2 Marathi x x x x
T2 Punjabi x x x x
T2 Swahili x x x x x x x
T2 Tigrinya x x x
T2 Tswana x x x
T2 Wolof x x x
T2 Xhosa x x x
T2 Yoruba x x x x
T2 Zulu x x x

T1 Albanian x x x x
T1 Armenian x x x x
T1 Assamese x x x x
T1 Azerbaijani x x x x
T1 Bambara x x x
T1 Burmese x x x x x
T1 Chichewa x x x x
T1 Guarani x x x x
T1 Gujarati x x x x
T1 Igbo x x x x
T1 Javanese x x x x
T1 Kannada x x x x
T1 Khmer x x x x
T1 Kinyarwanda x x x
T1 Kurdish x x x
T1 Kyrgyz x x x x
T1 Lingala x x x
T1 Luganda x x x
T1 Macedonian x x x x
T1 Malagasy x x x x
T1 Malayalam x x x x
T1 Maori x x x
T1 Mongolian x x x
T1 Nepali x x x x x
T1 Norwegian x x x x
T1 Oriya x x x x
T1 Oromo x x x
T1 Pashto x x x
T1 Shona x x x x
T1 Sinhala x x x x x
T1 Somali x x x x
T1 Southern Sotho x x x
T1 Sundanese x x x x
T1 Swati x x x
T1 Tajik x x x x
T1 Telugu x x x x x x
T1 Tibetan x x x

Table 11: Per-language coverage of the five evaluation tasks. The “Qwen3” and “Qwen3.5” columns mark each
model’s officially supported languages (73 for Qwen3, all 100 for Qwen3.5); the remaining columns mark per-task
language availability (Belebele, FLORES Translation, GlobalMMLU, XCOPA, XStoryCloze). Part 2: tiers T2–T1.
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K Detailed Results: Retention

Qwen3

Standard Global α Token α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T5 99.6 98.9 96.8 91.6 74.5 36.9 99.7 99.5 98.6 97.0 94.1 83.9 99.7 99.5 98.6 97.1 94.1 84.2
English 99.7 99.0 97.0 92.9 78.8 47.0 99.9 99.7 98.9 96.7 94.7 87.8 99.8 99.5 98.8 97.5 94.6 88.9
French 99.5 99.0 97.1 90.4 72.8 29.4 99.5 99.8 98.6 97.9 95.5 83.5 99.3 99.6 98.7 98.1 95.0 84.9
German 99.7 99.4 97.8 92.2 73.8 27.3 100.0 99.9 98.8 97.4 95.1 83.5 100.1 100.1 99.1 97.3 94.4 83.8
Chinese (S.) 99.5 98.1 95.9 92.0 79.0 46.6 99.4 99.0 98.1 96.9 93.9 85.7 99.3 99.3 98.2 96.4 94.2 85.0
Spanish 99.5 99.3 97.8 93.5 78.4 39.3 99.8 99.8 98.8 97.7 94.7 86.5 100.1 99.6 99.0 97.4 94.8 86.5
Japanese 99.4 98.5 96.0 89.6 68.6 28.0 99.7 99.0 98.3 96.5 92.4 80.7 99.7 99.1 98.0 96.7 92.8 80.0
Arabic 99.5 99.0 96.2 90.8 69.9 40.9 99.6 99.2 98.5 95.7 92.7 79.3 99.9 99.2 98.2 96.6 92.7 80.5

T4 99.0 98.1 95.0 87.7 67.1 31.2 99.2 98.9 97.8 95.8 91.6 77.0 99.3 98.8 97.8 95.6 91.9 77.7
Catalan 99.0 98.4 97.1 90.6 69.2 22.3 99.5 99.7 99.3 97.1 94.7 84.4 99.9 99.5 98.7 97.5 94.1 85.1
Portuguese 99.5 98.6 96.2 89.1 69.7 28.6 99.4 99.1 98.3 97.2 94.2 83.7 99.4 99.0 98.1 96.6 94.8 82.7
Italian 99.3 98.4 97.5 94.4 80.7 38.6 99.4 99.4 98.0 97.5 94.8 85.8 99.3 99.4 99.2 96.7 94.4 87.8
Swedish 97.9 97.1 95.0 88.5 66.7 28.4 98.2 97.7 96.7 95.5 91.7 77.3 98.1 97.4 96.3 95.1 91.4 76.3
Croatian 98.7 98.0 94.9 88.3 63.8 20.7 99.3 99.0 97.9 95.6 91.9 77.7 99.4 98.6 98.5 96.1 91.7 79.3
Vietnamese 98.9 97.8 95.5 89.1 70.9 38.1 99.0 98.1 96.7 94.5 91.3 79.3 98.9 97.9 96.7 95.0 91.2 80.2
Czech 98.1 97.1 93.6 87.6 64.9 27.4 98.4 98.1 97.1 94.7 91.0 74.6 98.3 97.9 96.7 94.4 91.7 76.5
Hungarian 99.9 98.8 94.0 84.3 61.3 24.1 100.0 99.8 98.6 96.4 92.5 73.9 99.8 99.4 98.8 96.5 92.4 75.8
Russian 98.3 97.9 96.0 91.7 73.6 38.0 98.3 98.4 97.6 96.1 92.6 81.2 98.5 98.3 97.7 96.4 93.1 82.4
Serbian 99.4 98.4 95.1 85.5 60.9 28.0 99.4 99.1 98.1 95.6 90.2 72.1 99.5 98.7 97.8 95.4 90.6 73.9
Finnish 99.6 99.0 95.9 84.6 61.3 23.3 100.1 99.7 98.5 96.1 91.0 73.4 100.2 100.1 98.8 96.0 91.7 74.1
Dutch 99.9 99.5 96.6 89.3 67.7 28.3 100.2 99.7 98.8 96.6 93.4 80.0 100.2 99.8 98.4 96.8 93.7 81.2
Turkish 99.2 98.2 94.1 88.3 66.7 41.5 99.6 98.5 97.8 96.2 91.7 76.3 99.8 99.1 98.6 95.6 91.3 77.4
Korean 99.2 98.0 95.8 88.1 68.7 30.2 99.5 99.0 98.2 96.2 91.9 78.0 99.4 99.3 98.2 96.3 92.4 78.5
Polish 99.2 97.9 95.7 88.2 67.2 28.3 99.2 99.1 97.8 95.9 90.9 76.0 99.8 98.9 97.7 95.5 92.2 76.6
Persian 97.3 95.8 89.6 76.2 56.2 28.4 97.5 97.1 95.5 93.3 86.3 67.0 97.8 96.9 95.5 92.5 86.8 66.3
Hindi 99.5 98.0 94.7 88.5 69.0 41.7 99.6 99.2 98.3 96.2 90.3 74.0 99.4 98.9 98.3 96.0 90.8 70.9
Basque 99.1 98.4 92.2 86.7 69.1 46.3 99.3 98.8 96.6 93.2 88.5 71.3 99.0 98.5 96.9 92.8 89.1 74.1

T3 98.9 97.2 94.0 85.2 61.5 28.6 99.2 98.7 97.1 94.6 88.9 70.4 99.2 98.4 97.3 94.6 89.1 69.0
Afrikaans 99.1 97.8 95.1 87.6 63.5 23.5 99.6 99.6 97.7 94.9 91.0 75.4 99.5 98.6 97.5 95.7 91.4 73.4
Danish 99.4 98.3 95.3 89.1 65.6 22.8 99.7 98.8 98.1 96.4 93.8 80.0 99.4 98.7 97.8 96.1 94.3 81.0
Bulgarian 99.4 98.0 95.2 89.2 66.6 22.0 99.6 99.9 98.5 97.3 94.1 78.2 99.7 99.7 98.5 96.7 93.7 81.1
Slovak 99.5 97.6 95.7 87.7 64.5 22.9 99.6 99.8 99.3 96.7 93.2 76.9 99.4 99.3 98.6 97.1 94.0 79.0
Romanian 98.0 96.5 94.0 87.6 65.8 26.2 98.1 97.4 96.5 94.5 91.1 75.6 97.9 97.6 96.5 94.6 91.0 75.5
Latvian 99.9 98.6 96.0 83.3 59.8 23.4 100.3 99.7 98.6 95.4 90.3 69.6 99.9 99.6 98.5 96.1 90.2 71.5
Slovenian 98.9 97.8 94.0 86.2 59.6 23.8 99.2 98.5 97.7 95.1 90.1 71.5 99.4 98.5 97.7 95.2 91.0 74.4
Indonesian 99.4 99.0 96.3 89.7 75.9 44.7 99.6 99.2 98.8 96.4 92.6 81.6 99.7 99.3 98.5 96.5 92.5 80.3
Ukrainian 97.6 96.6 93.7 87.0 63.0 26.3 98.0 97.3 96.1 94.4 89.6 74.2 97.5 97.0 95.9 94.4 90.0 62.7
Malay 99.0 98.1 96.3 86.3 66.6 27.7 99.4 99.2 98.5 96.8 90.6 73.6 99.4 98.9 98.1 96.5 91.0 74.2
Filipino 99.8 98.1 95.2 85.8 62.2 28.3 99.9 99.1 98.0 95.5 89.5 69.3 99.9 99.4 97.5 95.4 89.2 68.5
Greek 97.7 95.8 93.1 86.7 62.2 26.0 97.7 96.7 96.1 94.0 89.5 71.3 97.4 96.9 96.0 94.3 90.1 68.9
Cebuano 99.1 95.3 90.3 81.6 58.7 24.4 99.5 97.6 96.6 93.7 84.2 62.3 99.4 98.1 96.6 94.0 85.2 67.2
Hebrew 97.8 95.6 91.1 81.4 58.4 29.6 98.0 97.2 96.0 94.0 87.9 71.5 98.3 96.8 95.9 93.9 88.4 67.1
Thai 99.3 98.0 97.4 90.7 69.2 42.7 100.2 99.2 97.6 96.9 93.5 78.4 100.0 99.1 97.8 97.4 92.7 80.9
Urdu 98.8 96.1 92.3 83.7 54.7 22.7 99.5 99.1 96.4 93.9 85.8 62.6 99.5 98.3 97.5 94.5 86.7 63.1
Lithuanian 98.8 97.4 93.2 82.0 59.4 28.8 99.0 98.4 97.2 94.3 87.9 70.2 99.0 98.1 97.2 93.6 88.0 69.1
Estonian 99.9 98.2 97.5 88.9 68.9 45.0 99.9 99.2 98.2 93.6 88.0 74.9 99.6 98.9 98.3 93.4 89.1 75.9
Uzbek 99.0 96.5 92.3 80.0 52.9 26.2 99.8 99.2 94.1 91.7 85.4 61.0 100.2 98.5 96.7 91.6 84.4 42.5
Bengali 99.1 96.7 92.3 80.8 56.9 29.0 98.8 98.2 96.7 93.7 85.4 62.5 99.3 98.1 96.2 92.4 85.0 59.4
Tamil 99.1 96.2 91.0 82.0 62.6 44.0 98.7 97.3 95.6 93.3 86.9 67.7 99.6 98.2 96.5 93.5 87.0 61.8
Kazakh 97.4 96.4 91.4 80.8 51.1 23.3 98.4 98.9 94.9 90.7 83.1 60.5 98.6 98.4 95.9 90.2 85.4 59.4
Georgian 99.7 97.0 92.8 81.8 47.3 24.3 99.7 99.6 96.1 93.4 81.9 50.2 100.0 98.1 96.9 93.4 79.4 49.3

Table 12: Retention (%) at r=7..2 for Qwen3 under top-k reduction, global α, and token α. Averaged across
Belebele, GlobalMMLU, XCOPA, XStoryCloze, Translation. Per-language mean across available tasks, then mean
across languages within tier. Qwen3 is restricted to its 73 supported languages. Part 1: tiers T5–T3.
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Qwen3

Standard Global α Token α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T2 99.5 97.2 92.0 81.0 57.0 34.4 99.1 98.2 96.0 91.3 83.7 62.8 99.3 97.8 95.0 90.4 82.9 62.1
Marathi 98.8 95.8 91.5 80.8 52.8 25.7 99.7 98.0 96.5 91.9 84.9 61.5 99.1 97.4 95.2 91.1 83.8 60.8
Punjabi 99.1 96.9 90.5 75.6 51.2 23.9 99.3 98.2 95.1 92.1 85.9 60.2 99.8 97.7 94.0 89.9 83.6 55.4
Icelandic 99.2 97.0 92.9 82.0 54.4 27.1 97.8 98.7 96.4 91.7 82.9 61.8 98.0 98.1 94.9 90.5 81.4 65.6
Maltese 100.1 96.7 91.1 79.4 54.2 27.3 99.5 97.9 95.3 90.4 80.0 59.3 100.4 97.7 94.2 88.4 80.4 55.4
Lao 99.6 97.9 90.4 78.6 45.1 21.3 99.1 99.3 95.1 89.4 81.8 54.1 99.3 98.2 95.2 89.7 82.6 55.3
Haitian Creole 100.2 97.3 93.0 83.5 68.1 52.0 99.3 97.3 97.4 91.2 83.0 70.5 99.2 97.2 96.2 91.0 82.4 70.4
Swahili 99.2 98.7 94.8 86.9 73.3 63.5 98.8 98.0 96.5 92.3 87.2 72.3 99.4 98.1 95.7 92.3 86.2 71.8

T1 98.9 96.2 91.1 79.8 53.9 26.6 99.1 98.1 95.7 92.0 84.4 60.1 98.9 97.6 95.3 91.6 84.1 57.5
Norwegian 99.5 97.9 96.0 88.6 62.2 22.8 99.3 98.6 98.7 96.8 93.8 80.6 99.1 98.9 98.6 97.5 94.0 82.6
Macedonian 99.8 97.7 93.4 84.8 61.2 22.4 99.7 99.3 97.2 96.2 91.0 74.2 100.0 99.0 97.5 95.8 91.6 74.8
Albanian 100.0 98.3 93.9 84.3 58.8 23.8 100.5 99.4 97.0 94.0 88.3 72.2 99.5 98.6 97.4 94.0 88.5 61.0
Armenian 99.0 97.2 91.7 78.5 51.4 18.9 98.2 98.4 98.0 94.0 84.8 59.3 98.7 98.4 97.1 92.7 85.1 55.5
Malayalam 98.1 96.0 89.8 77.2 51.6 22.5 99.0 98.7 95.0 90.1 84.0 56.3 98.8 98.5 94.9 90.9 85.5 54.9
Gujarati 98.3 95.7 91.9 79.7 50.5 21.0 98.8 97.8 94.7 92.0 87.1 58.4 98.7 97.5 94.7 91.0 86.7 47.9
Javanese 100.0 97.8 92.6 78.8 57.2 26.0 100.1 98.3 97.2 94.1 86.3 64.5 100.3 98.0 96.4 94.1 84.5 60.6
Kannada 99.9 96.1 89.5 76.9 51.4 21.2 100.0 98.3 95.7 91.0 85.4 51.7 100.0 97.8 94.2 89.4 84.7 54.5
Nepali 96.8 93.9 89.4 80.2 56.2 31.1 97.3 96.3 94.2 90.6 81.8 58.7 97.4 95.7 94.2 89.5 81.3 51.9
Oriya 99.5 95.2 88.9 74.6 47.5 22.3 99.2 97.8 93.9 88.1 79.3 50.9 99.0 97.1 91.8 86.5 80.0 52.3
Azerbaijani 98.8 97.1 92.4 79.9 56.5 24.7 99.5 99.2 95.9 93.8 86.2 60.8 99.8 98.4 96.4 93.4 85.8 57.7
Sundanese 99.5 96.2 92.1 79.8 57.3 25.6 99.7 97.8 95.4 90.8 82.5 58.5 98.7 97.7 95.3 91.0 80.4 59.0
Telugu 98.3 96.8 91.8 82.0 61.4 42.8 98.6 97.6 96.5 92.7 86.0 57.7 98.2 97.1 95.9 91.0 86.0 56.5
Assamese 98.9 96.6 89.4 75.9 50.7 26.1 99.9 98.1 96.2 89.5 80.3 52.0 99.0 97.6 94.6 90.2 78.9 49.5
Khmer 98.3 92.5 87.5 79.8 39.4 20.3 98.5 99.6 96.7 92.6 79.3 53.9 98.9 97.6 96.6 94.2 83.8 53.5
Tajik 98.3 96.9 91.4 77.1 46.1 27.6 98.4 96.3 91.9 87.0 77.5 51.1 97.8 95.4 91.1 85.2 74.3 44.7
Sinhala 97.6 94.0 87.4 75.2 52.7 35.6 97.4 95.2 92.2 87.2 78.5 53.5 97.6 95.0 92.1 87.3 77.3 51.8
Burmese 99.4 95.7 91.6 82.6 58.3 44.1 100.6 98.8 96.1 95.5 87.8 67.1 99.0 98.3 96.4 94.1 85.6 65.9

Avg 99.1 97.3 93.6 84.7 61.8 30.1 99.2 98.6 97.0 94.2 88.5 70.0 99.2 98.3 96.8 93.9 88.4 69.1

Table 13: Retention (%) at r=7..2 for Qwen3 under top-k reduction, global α, and token α. Averaged across
Belebele, GlobalMMLU, XCOPA, XStoryCloze, Translation. Per-language mean across available tasks, then mean
across languages within tier. Qwen3 is restricted to its 73 supported languages. Part 2: tiers T2–T1 and overall
mean.
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Qwen3.5

Standard Global α Token α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T5 99.7 99.3 97.7 94.8 86.6 62.4 100.0 99.9 99.7 99.1 97.9 94.5 99.9 99.9 99.6 99.1 98.1 94.6
English 99.7 99.2 98.3 96.9 91.7 75.9 99.8 99.8 99.7 99.4 98.6 96.5 100.1 99.9 99.6 99.3 98.6 96.6
German 99.7 99.1 97.6 94.2 84.7 58.2 99.9 99.8 99.6 99.0 97.5 94.3 99.7 99.8 99.4 99.1 97.8 94.7
French 99.4 99.2 98.3 96.3 87.3 59.6 99.6 99.7 99.7 99.4 98.7 95.8 99.9 99.7 99.9 99.5 98.7 95.6
Chinese (S.) 99.7 99.7 98.3 94.6 87.4 68.3 100.2 99.8 99.6 98.8 97.5 94.8 99.9 99.8 99.6 98.9 98.4 95.5
Spanish 99.9 99.5 98.4 95.6 87.7 62.2 100.0 100.1 99.9 99.2 98.2 95.5 99.8 100.2 100.0 98.8 97.9 95.2
Arabic 99.5 98.7 96.5 93.2 83.8 56.6 100.0 99.5 99.1 98.3 97.2 92.5 99.7 99.1 98.6 98.1 97.2 92.0
Japanese 99.7 99.7 96.7 92.9 83.5 56.2 100.4 100.5 100.4 99.5 97.9 92.1 100.1 100.8 100.2 99.6 98.5 92.8

T4 99.5 98.8 97.4 94.5 84.2 54.1 99.8 99.8 99.5 99.0 97.7 93.7 99.9 99.7 99.4 98.9 97.7 93.8
Catalan 99.5 100.0 98.7 96.7 86.4 51.9 99.7 100.1 99.4 99.7 97.9 94.2 99.9 99.7 99.7 99.3 98.8 96.2
Portuguese 99.4 98.2 96.3 92.4 80.7 54.9 99.8 99.8 99.2 98.2 97.9 94.8 99.9 99.9 99.6 99.0 98.4 95.1
Swedish 99.5 98.5 97.6 94.5 87.6 54.1 99.6 99.6 99.3 98.8 97.6 92.7 99.5 99.3 99.1 98.8 97.0 92.5
Italian 99.6 99.7 99.5 96.6 89.0 65.0 100.1 100.5 100.2 99.8 98.1 94.6 99.7 100.2 100.0 99.8 97.8 94.7
Serbian 99.7 98.8 97.9 95.7 81.6 48.1 99.6 99.9 99.7 98.5 97.0 92.0 99.7 99.7 99.3 98.0 97.0 91.3
Czech 99.3 98.1 97.3 94.6 85.2 54.1 99.6 99.5 99.1 98.7 97.7 93.4 100.1 99.2 99.3 98.8 97.6 92.5
Vietnamese 99.9 99.4 98.5 95.2 84.1 61.7 100.2 99.9 99.2 99.0 97.2 94.3 100.2 100.0 99.4 98.7 97.7 93.9
Russian 99.9 99.4 97.8 95.6 85.6 61.0 100.1 100.1 99.7 98.5 97.3 92.7 100.2 99.8 99.5 98.7 96.6 93.1
Hungarian 99.9 98.7 94.7 91.8 80.5 47.0 99.9 99.8 99.8 99.4 98.9 95.1 100.0 99.8 100.1 100.2 98.7 95.6
Croatian 99.2 97.1 96.9 94.2 86.2 48.2 100.2 101.3 99.8 101.0 101.1 98.8 100.7 100.9 100.0 100.7 101.1 98.7
Finnish 98.9 96.6 94.3 92.0 82.8 46.0 99.5 99.0 100.2 100.3 98.5 93.8 99.1 98.6 98.9 98.8 99.4 94.9
Dutch 100.2 99.2 98.2 94.7 83.8 56.7 100.1 99.7 99.6 99.2 97.5 94.5 99.9 99.6 99.7 99.2 97.8 94.5
Turkish 99.3 98.5 98.4 94.3 83.9 58.8 99.7 99.6 99.1 98.6 98.0 92.5 99.6 99.4 99.4 97.9 96.1 92.0
Persian 99.0 98.8 97.3 94.3 84.4 45.7 99.5 99.4 98.4 97.8 96.2 92.8 99.5 99.0 98.8 98.0 96.6 92.5
Korean 99.9 99.5 97.7 94.0 82.2 55.5 100.1 99.9 99.6 99.3 97.6 93.2 100.0 99.6 99.6 99.0 97.8 93.3
Polish 99.7 98.8 97.5 95.7 84.0 49.4 99.8 99.7 99.2 98.7 97.0 92.9 99.7 99.5 99.1 98.6 97.0 92.4
Hindi 99.4 98.8 97.4 94.3 83.8 56.9 99.6 99.2 99.0 98.3 96.3 92.1 99.9 99.4 99.0 98.4 96.4 92.3
Basque 99.7 99.3 97.2 94.6 83.4 58.5 100.2 100.1 100.1 98.2 96.7 91.4 100.3 100.5 99.4 98.7 97.4 92.6

T3 99.5 98.6 96.9 93.6 82.5 48.2 99.8 99.6 99.2 99.0 97.5 92.8 99.8 99.7 99.4 98.8 97.5 93.1
Afrikaans 99.9 99.0 97.7 95.3 86.4 43.2 100.0 100.1 99.4 99.5 99.1 95.1 99.9 100.0 99.4 99.4 98.8 95.7
Danish 99.2 98.3 96.0 93.1 84.1 55.3 99.4 99.3 99.1 99.7 98.5 96.1 99.6 99.3 98.8 98.8 98.0 96.4
Romanian 99.8 98.2 96.0 92.4 84.7 52.2 99.7 99.5 99.1 99.2 97.4 93.4 99.9 99.6 99.5 98.7 97.5 92.8
Bulgarian 100.1 99.4 98.0 96.6 86.8 52.5 99.9 100.1 100.6 100.7 99.6 97.5 99.9 100.3 100.3 100.7 100.0 96.3
Malay 99.7 99.2 98.2 96.1 86.8 54.4 100.0 99.5 99.4 98.8 96.8 92.8 99.9 99.6 99.5 98.8 97.1 93.4
Slovak 99.6 97.3 97.2 94.3 83.0 47.6 99.9 99.0 98.9 99.3 98.9 95.0 99.9 99.6 98.9 98.2 98.6 95.6
Indonesian 99.6 99.0 98.3 96.6 89.2 68.1 100.0 99.5 99.1 98.8 97.2 94.6 99.8 99.7 99.1 98.7 97.2 93.7
Latvian 99.1 98.3 97.2 91.6 80.6 41.6 99.7 99.7 99.2 99.0 98.4 93.4 99.5 99.6 99.2 98.7 97.9 93.7
Ukrainian 99.4 98.1 97.2 92.1 83.8 51.9 100.0 99.6 99.3 98.6 96.9 91.8 99.7 99.4 100.1 99.0 97.3 92.2
Filipino 99.7 98.8 97.7 93.1 81.7 46.6 99.7 99.4 99.1 98.0 95.6 90.5 99.9 99.5 98.9 97.8 96.3 91.4
Slovenian 98.9 97.7 96.5 94.6 81.9 42.1 99.1 98.7 98.5 99.2 98.2 94.2 99.6 99.4 98.7 99.8 98.0 93.5
Greek 99.1 98.2 95.1 92.3 82.8 47.1 99.7 100.0 99.2 99.0 96.9 92.4 99.5 99.4 99.4 99.0 97.4 93.0
Hebrew 100.3 98.9 97.5 94.0 83.6 49.3 100.2 100.2 100.0 99.2 97.6 92.8 100.2 100.0 100.0 99.1 97.2 92.0
Estonian 99.6 98.9 97.1 93.0 83.4 48.8 99.6 99.7 99.3 99.0 98.9 91.5 99.9 99.1 99.9 98.8 97.9 91.9
Lithuanian 99.1 98.7 98.6 95.1 83.2 46.3 99.8 100.4 100.1 99.4 97.4 92.1 99.8 100.2 99.8 98.9 96.8 90.8
Uzbek 100.0 99.1 98.2 92.6 75.9 42.8 100.2 100.2 99.6 99.2 98.4 91.3 100.0 99.9 99.4 99.3 96.9 91.5
Cebuano 100.4 98.7 97.4 93.4 81.1 45.3 100.9 99.5 99.2 98.7 95.8 90.6 100.4 99.5 99.6 98.2 96.5 91.8
Urdu 99.2 98.1 96.0 91.6 72.8 36.8 99.8 99.3 98.6 98.0 97.1 91.8 99.8 99.6 99.5 99.1 97.5 91.3
Bengali 99.5 98.6 96.7 93.0 80.3 46.3 99.7 99.4 98.5 97.8 95.8 89.4 100.2 99.3 98.7 98.0 95.9 90.9
Georgian 99.2 98.8 95.9 91.8 77.9 35.2 99.7 99.1 98.6 99.1 97.1 90.4 99.7 99.8 99.6 99.2 97.1 92.9
Kazakh 99.0 97.9 95.6 93.0 76.4 38.3 99.9 99.3 98.9 98.7 96.9 91.3 99.8 99.9 99.3 98.7 97.2 92.6
Thai 100.1 98.9 93.2 93.0 88.5 62.5 99.4 99.5 99.0 99.0 97.8 95.0 100.0 100.3 99.6 98.2 97.7 95.7
Tamil 99.0 98.9 96.9 93.1 82.9 55.0 99.1 99.6 99.3 98.8 96.8 90.6 99.3 99.3 100.0 98.6 96.9 91.6

Table 14: Retention (%) at r=7..2 for Qwen3.5 under top-k reduction, global α, and token α. Averaged across
Belebele, GlobalMMLU, XCOPA, XStoryCloze, Translation. Per-language mean across available tasks, then mean
across languages within tier. Part 1: tiers T5–T3.
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Qwen3.5

Standard Global α Token α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T2 99.6 98.3 95.9 90.5 75.8 42.1 99.7 99.5 98.6 97.4 94.2 85.6 99.7 99.3 98.8 97.7 95.0 87.4
Maltese 100.0 98.7 98.0 94.8 81.0 39.8 99.6 100.5 99.6 98.9 97.4 90.6 99.7 99.9 99.7 99.0 97.5 92.8
Icelandic 100.3 98.8 98.8 94.2 82.3 40.1 101.1 100.5 100.3 99.9 97.7 92.3 100.5 100.3 100.9 100.0 98.5 94.4
Marathi 99.7 98.7 97.8 94.2 81.4 41.8 100.6 100.0 100.3 99.5 97.1 92.1 100.3 99.9 100.0 99.0 96.7 92.3
Punjabi 100.7 100.0 98.4 94.7 83.6 37.0 100.4 100.4 99.9 99.9 98.4 92.5 100.6 99.8 100.1 99.9 98.4 93.1
Haitian Creole 99.1 97.8 95.9 93.3 81.2 54.3 99.0 100.8 100.0 99.0 97.0 89.4 99.6 99.8 99.4 98.5 96.6 90.2
Swahili 99.4 98.5 96.5 93.4 84.6 59.8 99.9 98.5 98.1 96.8 94.6 88.0 99.7 98.8 98.3 96.3 94.8 89.3
Lao 98.7 98.5 96.5 89.3 68.9 33.0 98.5 99.6 99.4 98.5 97.2 88.8 99.4 99.4 99.4 98.7 96.7 89.6
Xhosa 99.0 98.0 94.8 86.9 67.8 34.0 100.1 99.1 99.8 96.9 93.0 83.9 99.8 99.0 99.1 97.0 94.0 86.3
Zulu 99.5 98.5 94.1 91.2 76.4 42.5 99.8 99.1 98.1 97.6 95.7 87.0 98.8 99.8 98.5 98.3 95.1 88.8
Amharic 99.6 98.2 93.6 86.6 70.9 37.6 100.0 99.1 97.9 97.4 92.1 81.1 99.9 98.9 98.1 97.4 93.6 83.9
Hausa 99.7 98.4 95.9 88.2 73.0 45.4 99.7 98.8 98.2 96.5 90.7 80.5 99.6 98.8 98.3 95.9 93.5 84.4
Tigrinya 99.5 97.2 94.5 88.3 69.0 35.1 99.5 98.1 95.8 95.5 92.1 79.6 99.4 98.6 97.0 97.3 92.8 81.9
Tswana 99.9 98.4 93.7 86.3 68.1 38.2 99.1 99.4 97.3 96.9 90.3 81.8 99.3 98.3 98.2 97.8 94.1 84.7
Yoruba 99.5 97.5 94.6 88.1 71.2 47.1 100.5 100.5 97.3 95.0 92.1 80.6 99.8 99.4 98.6 95.5 92.3 82.1
Wolof 99.9 96.7 95.0 88.2 78.0 45.6 97.7 98.2 97.1 92.2 88.1 76.5 99.3 99.2 96.2 94.3 90.8 77.2

T1 99.2 97.9 95.7 90.3 74.9 41.9 99.7 99.4 98.4 97.3 93.8 85.5 99.7 99.3 98.6 97.5 94.7 86.9
Norwegian 99.1 98.4 96.8 93.1 83.5 48.7 99.8 99.7 99.8 99.7 99.1 95.7 99.7 99.7 99.7 99.2 98.6 96.4
Macedonian 99.6 98.3 95.4 95.0 85.1 45.9 99.8 99.8 100.1 99.7 98.5 95.1 100.2 99.6 99.3 99.0 99.0 95.9
Albanian 99.4 97.2 96.9 92.7 80.2 42.2 99.8 100.3 99.6 99.1 98.2 93.4 99.9 99.2 99.4 99.3 97.9 94.0
Armenian 99.3 98.3 97.1 94.1 78.8 42.8 100.3 100.1 99.8 99.2 98.1 92.9 100.6 100.7 100.4 99.7 98.5 94.0
Malayalam 99.4 98.9 97.4 93.5 79.8 34.1 100.1 99.7 99.9 99.9 97.7 91.6 99.7 100.2 99.6 99.9 97.8 93.8
Javanese 99.7 98.7 98.0 92.7 75.0 40.5 99.6 100.2 99.1 98.3 96.8 89.5 99.5 100.1 99.3 99.4 97.1 91.7
Gujarati 99.5 98.7 97.1 92.4 79.6 35.1 100.6 100.1 99.7 98.8 96.0 89.0 100.1 99.2 99.2 98.4 96.3 89.6
Oriya 100.0 99.5 98.3 94.3 75.9 38.9 100.6 101.1 99.7 99.4 97.0 90.0 99.9 100.4 100.1 99.7 97.3 91.0
Sundanese 99.3 97.9 96.0 89.8 76.5 36.4 99.0 99.2 98.9 97.1 95.2 90.5 99.3 99.4 99.0 97.9 95.6 90.9
Kannada 99.6 98.9 98.1 92.2 65.8 31.6 99.7 99.8 99.9 98.6 97.1 90.3 100.1 100.1 99.9 98.8 97.1 92.0
Nepali 100.1 99.5 97.1 92.9 78.2 43.6 100.2 100.2 100.1 98.9 96.1 89.5 100.1 100.6 100.1 99.1 96.4 88.8
Tajik 101.1 99.0 96.7 93.3 80.2 38.4 100.7 100.7 100.2 98.6 96.4 88.4 100.5 100.3 100.0 99.0 96.4 90.8
Telugu 99.2 98.5 97.3 92.4 79.5 51.5 99.8 99.4 98.8 97.5 95.1 89.0 99.5 99.4 99.1 97.8 95.0 90.1
Sinhala 99.0 98.2 95.2 90.4 77.1 39.1 99.0 99.0 98.3 97.4 94.7 87.8 99.7 99.2 99.1 98.4 95.0 89.7
Kurdish 99.0 98.6 94.9 89.4 67.7 32.4 99.0 99.5 99.1 97.3 92.6 85.0 100.2 99.1 98.3 97.1 94.9 84.6
Assamese 99.1 99.2 96.4 93.3 76.2 37.6 100.0 99.4 98.9 97.0 95.1 87.5 99.6 99.4 99.4 97.7 95.7 88.8
Khmer 99.3 97.9 96.5 93.4 70.7 35.6 100.1 100.1 99.6 98.9 97.4 90.4 100.6 100.3 99.9 99.5 98.9 93.0
Azerbaijani 98.8 96.9 96.4 94.4 80.5 42.0 99.2 99.7 98.6 98.4 95.3 88.2 99.0 99.5 98.8 98.0 96.5 89.0
Kyrgyz 99.7 98.3 95.0 90.0 78.0 41.8 99.5 99.2 98.1 96.6 94.7 88.3 99.3 99.0 98.3 96.5 95.1 87.2
Pashto 99.7 98.0 96.1 89.5 72.6 36.5 99.9 99.7 99.0 98.0 94.8 86.1 100.3 99.4 99.8 98.9 94.4 86.3
Mongolian 99.2 97.9 96.1 89.5 65.3 32.3 99.9 100.4 98.6 99.7 96.2 87.9 99.6 99.8 100.0 98.8 96.0 89.7
Burmese 99.4 96.7 96.3 92.5 81.8 53.2 99.9 100.1 99.1 98.7 96.4 90.5 100.3 99.2 99.2 98.5 97.1 91.4
Southern Sotho 98.9 99.2 95.5 88.5 71.8 37.8 99.6 99.2 97.0 97.4 90.7 80.1 99.6 99.0 98.9 98.0 93.5 83.1
Malagasy 98.8 97.7 94.8 89.6 76.0 42.4 99.7 98.7 97.7 96.4 91.8 82.3 99.4 98.9 98.0 96.9 93.9 86.0
Kinyarwanda 99.1 97.0 97.2 92.2 75.6 38.0 100.8 100.0 99.3 98.2 95.8 85.6 100.0 99.2 98.2 97.7 97.2 87.7
Maori 98.5 96.0 91.9 84.3 70.8 40.6 99.8 99.9 97.1 97.2 91.9 82.0 99.5 100.0 98.1 97.5 93.9 84.4
Somali 100.1 98.8 95.1 88.3 70.1 42.8 100.4 100.6 99.7 97.8 92.8 81.6 100.3 100.0 99.2 97.3 94.2 81.7
Shona 98.8 97.2 95.1 89.0 72.9 42.8 99.3 98.5 98.6 96.0 92.1 80.6 99.4 98.4 97.9 95.6 92.9 83.5
Igbo 99.8 97.6 95.3 88.2 74.0 43.9 100.0 98.4 98.1 95.9 91.1 80.3 99.9 99.2 98.1 96.5 92.0 80.9
Chichewa 100.1 98.3 95.1 90.0 70.8 47.3 99.5 98.7 98.0 96.8 90.1 80.3 100.0 99.5 97.0 96.8 92.7 84.2
Swati 97.3 97.8 91.7 82.2 70.1 40.4 98.3 97.8 94.7 92.6 87.7 73.1 98.8 97.7 94.5 93.3 88.3 77.4
Guarani 99.2 97.6 94.2 87.2 74.0 59.7 100.3 98.5 95.7 97.2 91.5 84.1 99.6 97.9 97.2 96.4 93.0 83.4
Lingala 98.5 96.7 94.9 87.4 73.8 45.7 99.2 99.2 96.5 93.5 88.2 78.3 98.7 99.4 97.9 94.1 91.6 79.6
Oromo 99.2 95.5 94.1 86.9 66.6 40.8 98.9 98.9 95.3 91.4 85.6 70.2 98.3 97.4 96.2 93.9 89.1 75.2
Luganda 97.8 98.0 94.6 88.5 74.9 45.9 99.5 97.6 96.8 94.6 87.5 76.0 98.6 98.8 97.8 96.7 90.6 79.9
Tibetan 97.1 94.2 89.4 82.1 67.4 44.2 97.6 99.1 96.3 93.3 87.8 75.2 99.6 96.2 97.0 94.9 89.0 73.9
Bambara 99.0 98.6 95.9 85.4 74.2 57.4 100.8 96.9 97.0 93.8 87.9 77.0 99.0 97.7 95.9 89.8 85.1 76.2

Avg 99.4 98.4 96.4 92.1 79.3 47.0 99.8 99.6 98.9 98.1 95.7 89.3 99.8 99.5 99.1 98.2 96.2 90.2

Table 15: Retention (%) at r=7..2 for Qwen3.5 under top-k reduction, global α, and token α. Averaged across
Belebele, GlobalMMLU, XCOPA, XStoryCloze, Translation. Per-language mean across available tasks, then mean
across languages within tier. Part 2: tiers T2–T1 and overall mean.
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Gemma4

Standard Global α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T5 99.7 99.2 97.9 95.7 90.4 73.2 99.7 99.2 97.9 95.9 90.9 75.2
English 99.8 99.2 98.2 96.2 91.9 78.0 99.8 99.2 98.2 96.6 92.1 79.8
French 99.5 99.1 97.0 95.2 90.9 72.3 99.5 99.1 97.6 95.5 91.0 74.3
Spanish 100.0 99.4 99.1 97.3 91.5 78.6 100.0 99.4 98.9 96.4 92.4 79.6
German 99.3 98.4 97.3 95.2 90.2 70.7 99.3 98.4 97.3 95.7 91.0 72.6
Chinese (S.) 99.7 99.5 98.2 96.0 90.8 74.5 99.7 99.5 98.4 96.3 91.1 77.0
Arabic 99.8 99.1 97.0 95.1 87.7 68.8 99.8 99.1 96.9 95.0 88.8 70.9
Japanese 100.1 99.6 98.2 95.1 89.8 69.5 100.1 99.6 98.0 95.4 90.2 72.1

T4 99.7 98.9 97.6 95.3 89.7 70.7 99.7 98.9 97.9 95.5 90.5 73.1
Catalan 99.8 99.2 98.1 96.5 92.2 74.2 99.8 99.2 98.6 95.6 92.6 75.9
Italian 99.6 98.8 97.1 96.1 92.5 79.0 99.6 98.8 97.6 95.7 92.5 78.7
Croatian 99.7 99.4 98.4 95.0 89.3 69.2 99.7 99.4 97.7 95.7 90.0 72.8
Turkish 99.3 98.6 99.0 97.1 92.1 74.4 99.3 98.6 97.7 96.7 92.8 78.1
Portuguese 100.1 99.5 97.7 96.1 89.4 70.9 100.1 99.5 98.3 96.8 90.7 74.7
Swedish 99.7 98.9 97.9 95.1 89.6 69.9 99.7 98.9 97.8 95.3 89.6 72.8
Vietnamese 99.4 99.0 97.8 94.8 90.3 72.3 99.4 99.0 97.7 95.6 90.5 75.3
Russian 100.0 99.0 98.2 96.3 91.0 74.8 100.0 99.0 98.6 96.2 91.1 75.7
Hungarian 100.0 98.7 97.7 95.6 90.9 69.8 100.0 98.7 98.8 96.6 92.6 71.7
Czech 99.7 99.0 97.3 94.9 88.6 70.1 99.7 99.0 97.5 95.2 89.0 72.4
Serbian 99.6 98.4 96.4 93.3 87.0 65.4 99.6 98.4 97.0 93.9 88.1 68.5
Finnish 99.9 99.3 97.9 96.0 89.4 69.7 99.9 99.3 98.4 96.5 92.5 72.6
Dutch 99.5 98.4 97.4 95.1 90.2 71.2 99.5 98.4 97.7 94.5 89.5 74.4
Polish 99.4 99.1 97.7 94.7 89.3 68.9 99.4 99.1 97.7 95.7 90.1 71.1
Basque 99.8 98.8 98.1 95.2 88.5 70.1 99.8 98.8 97.7 95.7 90.7 72.0
Korean 99.4 98.1 97.0 94.6 88.4 67.3 99.4 98.1 97.2 94.2 88.7 69.0
Hindi 99.4 98.8 96.9 94.8 88.6 70.7 99.4 98.8 98.2 96.0 90.0 74.1
Persian 99.8 98.9 96.7 93.7 86.9 63.8 99.8 98.9 97.4 93.6 88.2 65.9

T3 99.6 98.8 97.4 94.8 88.8 67.2 99.6 98.8 97.7 95.3 89.6 70.7
Afrikaans 99.7 99.3 98.9 95.8 89.6 68.7 99.7 99.3 98.3 95.5 89.9 71.6
Danish 100.0 99.0 98.3 96.5 92.5 75.4 100.0 99.0 98.1 97.4 92.6 77.8
Bulgarian 100.0 99.2 97.6 95.5 90.8 71.8 100.0 99.2 98.3 96.5 91.3 75.5
Indonesian 99.6 99.0 98.1 95.7 90.4 76.4 99.6 99.0 98.2 96.1 91.5 78.4
Slovak 99.6 99.6 98.9 96.4 91.3 74.9 99.6 99.6 98.8 96.9 91.7 77.5
Estonian 99.1 99.2 97.9 95.3 91.0 73.7 99.1 99.2 98.7 96.1 91.1 75.3
Latvian 99.2 98.7 97.5 94.7 89.0 66.1 99.2 98.7 97.5 95.1 90.5 69.6
Romanian 99.8 99.3 97.6 95.1 89.6 69.4 99.8 99.3 97.0 94.4 90.1 71.9
Slovenian 99.4 98.2 96.8 95.9 91.0 69.7 99.4 98.2 97.0 95.7 91.8 73.1
Filipino 99.9 98.0 96.7 93.4 88.5 67.8 99.9 98.0 97.2 93.9 89.1 69.7
Cebuano 98.7 98.5 95.6 92.8 86.8 66.3 98.7 98.5 96.8 92.8 86.9 69.6
Malay 99.3 98.5 97.0 94.4 87.4 67.2 99.3 98.5 97.3 94.3 88.1 70.1
Ukrainian 99.6 98.8 97.6 94.1 87.8 67.0 99.6 98.8 97.5 95.2 88.4 70.5
Hebrew 99.8 98.6 96.9 94.2 87.4 62.0 99.8 98.6 97.0 93.8 87.3 66.7
Greek 100.3 98.6 97.8 96.1 89.5 66.7 100.3 98.6 98.1 95.7 90.2 72.8
Lithuanian 99.8 98.7 96.8 93.1 85.0 64.3 99.8 98.7 97.6 93.6 86.5 66.2
Thai 99.8 99.7 97.9 96.4 91.6 74.5 99.8 99.7 98.1 97.4 92.4 75.3
Uzbek 99.7 98.6 96.3 92.5 84.8 55.2 99.7 98.6 97.3 94.5 88.6 64.2
Georgian 99.8 98.6 96.5 94.8 87.5 61.3 99.8 98.6 96.9 94.9 88.2 64.5
Tamil 99.6 99.6 97.9 96.9 91.3 69.4 99.6 99.6 99.1 96.8 90.8 73.8
Urdu 100.0 98.8 97.2 93.1 86.4 58.7 100.0 98.8 97.7 93.7 86.1 60.4
Kazakh 100.1 99.3 96.7 93.4 86.5 55.7 100.1 99.3 97.8 95.6 89.0 65.3
Bengali 99.0 97.4 96.8 94.3 86.6 64.2 99.0 97.4 97.4 95.1 88.2 67.0

Table 16: Retention (%) at r=7..2 for Gemma4 under top-k reduction and global α. Averaged across Belebele,
GlobalMMLU, XCOPA, XStoryCloze, Translation. Per-language mean across available tasks, then mean across
languages within tier. Part 1: tiers T5–T3.
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Gemma4

Standard Global α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T2 99.5 98.3 96.2 91.9 83.8 61.0 99.5 98.3 96.8 92.9 85.1 64.7
Maltese 99.2 99.0 97.0 93.3 85.5 62.7 99.2 99.0 96.2 93.5 87.7 66.2
Icelandic 98.8 97.1 96.8 94.3 89.3 68.8 98.8 97.1 96.3 94.2 88.8 71.2
Swahili 99.2 98.3 96.7 94.2 88.2 71.8 99.2 98.3 97.1 94.9 88.1 74.0
Marathi 100.3 99.3 98.5 95.6 87.8 58.1 100.3 99.3 99.4 96.4 88.2 66.8
Punjabi 99.2 98.7 97.5 94.0 85.7 57.7 99.2 98.7 96.8 95.3 88.4 61.0
Haitian Creole 100.8 99.4 97.5 94.4 87.6 68.6 100.8 99.4 98.5 95.0 89.4 72.7
Lao 98.7 99.2 96.4 91.9 86.1 60.3 98.7 99.2 96.1 93.5 85.5 62.7
Amharic 99.9 97.0 95.1 89.9 82.1 55.6 99.9 97.0 96.2 92.0 81.8 61.8
Xhosa 99.7 98.4 94.5 89.3 79.6 57.7 99.7 98.4 97.2 91.6 83.2 61.6
Zulu 100.3 99.7 96.5 92.1 85.8 61.8 100.3 99.7 97.4 90.9 82.3 64.2
Hausa 98.9 95.8 93.5 87.7 79.9 56.8 98.9 95.8 95.1 90.9 81.5 61.3
Tswana 98.7 96.9 95.6 91.3 79.0 58.7 98.7 96.9 95.3 89.2 78.1 61.6
Tigrinya 99.0 96.7 93.8 88.1 75.8 46.3 99.0 96.7 94.5 90.2 81.0 49.3
Yoruba 99.2 98.4 95.8 90.1 80.7 60.8 99.2 98.4 96.0 90.9 84.3 64.3
Wolof 100.7 100.0 98.4 91.9 83.3 68.8 100.7 100.0 99.5 95.5 87.8 72.4

T1 99.4 98.0 96.0 92.2 84.0 59.5 99.4 98.0 96.5 92.9 85.1 63.2
Norwegian 99.5 98.2 97.7 95.8 91.8 73.1 99.5 98.2 98.5 96.3 93.2 78.3
Macedonian 99.4 99.2 98.2 95.9 90.4 69.3 99.4 99.2 98.3 94.9 91.7 74.1
Albanian 100.0 98.7 97.8 95.4 89.2 66.9 100.0 98.7 96.9 94.9 89.9 69.7
Armenian 99.1 99.4 97.7 94.7 86.6 62.0 99.1 99.4 97.0 94.5 86.6 65.2
Malayalam 99.3 98.3 96.2 91.0 85.6 57.6 99.3 98.3 96.5 93.1 85.1 64.4
Gujarati 99.8 97.1 96.4 92.3 86.4 55.7 99.8 97.1 96.1 92.7 88.2 61.5
Javanese 100.0 97.9 96.2 90.8 82.6 60.2 100.0 97.9 96.2 91.6 82.5 62.7
Tajik 99.0 97.7 96.1 91.5 80.7 54.8 99.0 97.7 96.3 92.2 84.6 61.4
Kannada 100.8 97.7 95.7 94.6 87.6 57.3 100.8 97.7 96.8 94.3 87.0 65.1
Telugu 99.5 98.4 95.7 93.9 87.4 63.8 99.5 98.4 97.6 94.3 88.7 66.6
Nepali 99.3 97.8 96.0 93.5 84.8 61.2 99.3 97.8 97.2 93.3 86.0 64.7
Khmer 99.2 99.1 97.7 93.0 86.8 60.7 99.2 99.1 96.5 95.1 87.1 65.2
Kurdish 99.2 95.9 94.3 91.1 80.2 53.3 99.2 95.9 94.7 91.8 82.0 56.4
Sundanese 98.3 97.9 95.5 92.6 81.7 53.4 98.3 97.9 96.1 91.9 83.7 59.5
Oriya 99.4 97.8 96.1 93.0 82.9 49.8 99.4 97.8 97.8 95.4 84.7 55.6
Azerbaijani 98.7 97.8 96.9 94.5 85.0 61.4 98.7 97.8 97.6 95.6 86.4 60.7
Mongolian 98.9 98.7 96.5 90.6 82.4 60.5 98.9 98.7 95.9 92.5 86.1 61.8
Sinhala 100.1 98.6 96.2 93.0 83.5 58.2 100.1 98.6 97.1 92.8 85.8 59.8
Burmese 99.3 98.5 96.4 94.3 86.5 63.8 99.3 98.5 98.1 94.8 88.0 66.7
Assamese 98.7 97.1 96.8 93.9 84.6 50.7 98.7 97.1 98.1 94.8 86.8 61.1
Pashto 100.8 98.3 94.7 90.7 81.8 56.5 100.8 98.3 95.6 90.8 81.5 56.1
Kyrgyz 99.6 98.7 97.3 93.3 85.4 59.0 99.6 98.7 98.6 94.3 85.4 61.1
Malagasy 99.1 97.7 95.4 90.2 82.6 58.5 99.1 97.7 96.2 91.9 84.6 61.3
Southern Sotho 98.7 95.9 93.8 90.4 80.3 54.8 98.7 95.9 92.5 90.0 82.8 59.6
Kinyarwanda 98.7 98.8 95.9 92.5 81.0 50.0 98.7 98.8 96.7 91.2 82.8 57.2
Somali 100.0 97.7 96.7 90.6 82.6 59.3 100.0 97.7 96.9 91.4 85.0 63.4
Shona 99.1 97.6 94.1 91.6 83.1 59.0 99.1 97.6 95.5 91.8 83.4 62.5
Chichewa 99.4 97.1 94.7 91.4 84.3 62.0 99.4 97.1 94.7 91.0 82.0 65.4
Igbo 99.5 96.9 93.6 90.2 80.5 59.7 99.5 96.9 96.4 90.6 79.0 65.1
Maori 98.3 96.9 93.7 89.9 84.5 61.8 98.3 96.9 95.0 90.7 79.9 64.0
Guarani 100.1 99.1 95.5 92.7 87.3 72.1 100.1 99.1 96.0 92.4 88.4 70.9
Swati 100.7 99.0 97.6 90.6 78.0 53.3 100.7 99.0 99.0 91.8 81.6 56.7
Oromo 99.5 100.4 97.4 92.8 87.3 58.8 99.5 100.4 97.5 95.4 84.8 60.6
Lingala 99.0 99.6 98.1 93.7 84.7 63.2 99.0 99.6 97.1 92.5 86.1 69.9
Luganda 101.4 97.6 96.9 91.4 80.5 62.5 101.4 97.6 97.8 95.0 84.0 62.3
Tibetan 97.3 95.4 93.1 87.2 77.2 53.2 97.3 95.4 94.2 90.3 77.4 54.8
Bambara 99.6 96.3 93.6 86.7 81.4 64.5 99.6 96.3 92.4 90.4 84.5 67.8

Avg 99.5 98.5 96.8 93.5 86.6 64.5 99.5 98.5 97.2 94.1 87.5 67.8

Table 17: Retention (%) at r=7..2 for Gemma4 under top-k reduction and global α. Averaged across Belebele,
GlobalMMLU, XCOPA, XStoryCloze, Translation. Per-language mean across available tasks, then mean across
languages within tier. Part 2: tiers T2–T1 and overall mean.
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L Detailed Results: Multilingual Gap

Qwen3

Standard Global α Token α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T5 99.5 98.9 97.0 91.7 71.4 24.6 99.8 99.7 99.0 97.8 95.9 86.3 99.8 99.6 98.9 97.9 95.7 88.1
English 99.3 99.5 97.7 93.6 73.1 28.6 100.0 100.4 100.1 97.6 97.5 90.8 100.0 100.0 99.5 98.4 97.5 93.7
French 99.3 99.0 97.6 91.5 75.6 26.1 99.3 100.0 98.9 98.9 97.4 87.8 99.2 99.8 99.2 99.3 96.8 90.3
German 99.5 99.3 97.6 92.6 74.3 22.9 100.0 100.0 98.6 97.9 96.8 86.4 100.2 100.3 99.1 97.4 95.7 87.7
Arabic 99.4 98.4 95.7 89.6 61.0 23.3 99.4 99.1 98.9 96.4 94.7 80.5 99.7 99.1 98.6 97.4 94.5 83.7
Spanish 99.5 99.1 97.6 93.1 74.8 23.3 100.1 99.9 99.0 98.7 95.2 87.4 100.0 99.5 99.0 97.9 95.8 88.0
Chinese (S.) 100.0 98.3 96.8 91.9 74.1 24.9 99.7 99.3 98.9 98.1 95.9 87.8 99.7 99.0 98.3 97.0 95.0 88.5
Japanese 99.4 99.0 96.3 89.6 66.9 23.1 99.8 99.2 98.8 97.2 93.7 83.7 99.7 99.5 98.4 97.4 94.5 84.7

T4 99.4 98.5 95.2 87.6 65.6 23.6 99.7 99.5 98.4 96.5 92.9 78.5 99.8 99.4 98.4 96.4 93.5 80.3
Portuguese 99.4 99.0 96.9 89.6 71.5 25.7 99.5 99.6 99.1 98.3 96.2 88.3 99.5 99.6 98.9 97.8 97.1 89.0
Catalan 99.0 98.4 97.1 90.6 69.2 22.3 99.5 99.7 99.3 97.1 94.7 84.4 99.9 99.5 98.7 97.5 94.1 85.1
Swedish 99.5 98.8 96.8 91.0 68.9 24.8 99.7 99.4 98.7 98.0 94.8 82.5 99.7 99.1 98.2 97.9 95.0 81.8
Serbian 99.5 98.0 95.1 85.7 60.8 22.0 99.4 99.5 98.4 96.3 92.5 75.5 99.7 99.2 98.4 96.5 93.1 80.1
Croatian 98.7 98.0 94.9 88.3 63.8 20.7 99.3 99.0 97.9 95.6 91.9 77.7 99.4 98.6 98.5 96.1 91.7 79.3
Czech 100.0 99.5 95.8 90.5 66.9 23.6 100.4 100.3 99.4 97.3 94.4 79.1 100.1 100.0 99.0 96.8 95.5 82.7
Italian 100.2 99.4 98.3 95.2 78.7 23.9 100.3 99.8 99.2 98.1 96.5 87.9 100.4 100.0 99.6 97.5 96.2 90.6
Russian 99.1 98.8 96.1 92.1 70.8 22.7 99.4 100.6 99.3 97.9 94.7 84.2 99.9 100.2 99.4 98.2 95.7 87.2
Vietnamese 99.9 98.8 96.9 89.5 68.4 22.9 99.9 99.0 98.4 96.5 94.6 84.0 100.1 99.2 98.4 97.0 94.9 86.7
Hungarian 99.9 98.8 94.0 84.3 61.3 24.1 100.0 99.8 98.6 96.4 92.5 73.9 99.8 99.4 98.8 96.5 92.4 75.8
Dutch 99.7 99.6 96.6 90.1 68.0 23.9 100.1 99.8 99.3 97.5 94.9 84.1 100.2 100.0 98.8 97.8 96.1 87.2
Turkish 98.8 97.2 92.4 83.2 58.3 23.0 99.4 99.2 97.8 96.3 92.7 72.4 99.5 99.3 98.4 96.4 92.0 75.8
Korean 98.8 97.9 96.4 88.1 68.7 26.2 99.4 99.1 98.9 96.9 93.1 80.4 99.4 99.4 98.8 97.2 94.2 82.2
Polish 99.2 98.2 96.1 88.5 68.8 23.2 99.4 99.3 98.0 96.5 91.7 79.7 100.0 99.3 97.9 95.9 93.9 81.7
Persian 99.2 98.0 92.6 80.5 59.2 23.6 99.5 99.4 97.9 96.0 90.5 71.4 99.9 99.4 98.2 95.5 91.5 71.6
Finnish 99.6 99.0 95.9 84.6 61.3 23.3 100.1 99.7 98.5 96.1 91.0 73.4 100.2 100.1 98.8 96.0 91.7 74.1
Hindi 100.0 97.7 93.2 85.3 61.5 24.4 100.3 99.2 97.9 95.8 91.0 74.3 99.5 99.1 98.3 95.9 92.3 70.1
Basque 99.0 97.2 88.7 79.7 55.3 25.1 98.9 98.0 94.8 90.4 84.4 60.1 98.7 97.5 95.1 89.4 85.2 64.0

T3 99.2 97.4 94.0 85.0 60.3 22.9 99.5 99.1 97.5 95.2 89.7 71.1 99.6 98.8 97.6 95.2 90.0 69.6
Afrikaans 99.1 97.8 95.1 87.6 63.5 23.5 99.6 99.6 97.7 94.9 91.0 75.4 99.5 98.6 97.5 95.7 91.4 73.4
Danish 99.4 98.3 95.3 89.1 65.6 22.8 99.7 98.8 98.1 96.4 93.8 80.0 99.4 98.7 97.8 96.1 94.3 81.0
Romanian 99.8 98.1 96.2 89.8 68.1 22.0 100.0 99.3 98.8 96.9 94.6 81.1 99.7 99.6 98.9 97.3 94.5 82.7
Indonesian 99.5 98.3 95.4 87.7 69.4 24.1 99.7 99.3 98.8 97.7 94.5 85.6 99.8 99.1 98.8 97.2 94.5 84.8
Malay 98.8 98.0 96.6 87.3 69.7 22.0 99.1 99.2 98.7 97.3 93.0 79.3 99.4 99.1 98.7 97.0 94.0 81.1
Bulgarian 99.4 98.0 95.2 89.2 66.6 22.0 99.6 99.9 98.5 97.3 94.1 78.2 99.7 99.7 98.5 96.7 93.7 81.1
Slovak 99.5 97.6 95.7 87.7 64.5 22.9 99.6 99.8 99.3 96.7 93.2 76.9 99.4 99.3 98.6 97.1 94.0 79.0
Filipino 99.8 98.3 95.2 85.7 62.4 23.0 99.9 99.4 98.3 96.2 91.0 70.1 99.9 99.6 97.8 96.4 90.4 71.5
Hebrew 99.4 97.1 93.1 83.6 59.6 23.9 99.8 98.9 97.8 96.0 90.4 75.8 100.4 98.5 98.0 96.0 90.9 68.8
Ukrainian 99.5 98.4 95.5 89.3 65.1 21.6 99.9 99.4 98.2 96.8 93.2 79.1 99.4 99.1 98.1 97.1 94.1 63.9
Latvian 99.9 98.6 96.0 83.3 59.8 23.4 100.3 99.7 98.6 95.4 90.3 69.6 99.9 99.6 98.5 96.1 90.2 71.5
Greek 99.4 97.7 95.0 88.9 63.4 20.7 99.5 98.5 98.2 96.7 92.7 75.4 99.2 98.6 98.0 97.0 93.7 71.9
Slovenian 98.9 97.8 94.0 86.2 59.6 23.8 99.2 98.5 97.7 95.1 90.1 71.5 99.4 98.5 97.7 95.2 91.0 74.4
Lithuanian 98.6 97.3 93.2 82.1 59.9 22.6 98.6 98.4 97.0 94.9 89.2 72.8 98.6 98.2 97.3 94.4 89.3 71.3
Cebuano 99.1 95.3 90.3 81.6 58.7 24.4 99.5 97.6 96.6 93.7 84.2 62.3 99.4 98.1 96.6 94.0 85.2 67.2
Thai 98.8 97.6 95.9 86.2 60.1 20.1 100.0 99.6 98.3 97.1 92.0 73.7 99.7 99.3 98.2 97.0 92.3 76.8
Estonian 98.8 96.9 94.7 84.6 58.8 23.6 99.5 98.9 96.4 93.2 87.9 70.0 99.2 98.2 96.5 93.0 87.8 72.0
Bengali 99.5 96.9 92.5 80.9 55.4 22.3 99.1 98.4 97.0 94.4 87.1 65.4 99.6 98.4 96.5 93.4 87.4 62.5
Urdu 98.8 96.1 92.3 83.7 54.7 22.7 99.5 99.1 96.4 93.9 85.8 62.6 99.5 98.3 97.5 94.5 86.7 63.1
Uzbek 99.0 96.5 92.3 80.0 52.9 26.2 99.8 99.2 94.1 91.7 85.4 61.0 100.2 98.5 96.7 91.6 84.4 42.5
Tamil 99.1 96.6 89.2 78.5 49.6 22.1 99.1 98.6 95.8 92.8 85.4 58.6 100.3 98.9 96.2 92.9 85.1 50.5
Kazakh 97.4 96.4 91.4 80.8 51.1 23.3 98.4 98.9 94.9 90.7 83.1 60.5 98.6 98.4 95.9 90.2 85.4 59.4
Georgian 99.7 97.0 92.8 81.8 47.3 24.3 99.7 99.6 96.1 93.4 81.9 50.2 100.0 98.1 96.9 93.4 79.4 49.3

Table 18: Retention (%) at r=7..2 for Qwen3 under top-k reduction, global α, and token α. Averaged across
Belebele and Translation. Per-language mean across available tasks, then mean across languages within tier. Qwen3
is restricted to its 73 supported languages. Part 1: tiers T5–T3.
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Qwen3

Standard Global α Token α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T2 99.3 96.6 90.7 78.6 52.2 27.2 98.9 98.0 95.3 90.0 81.7 58.0 99.2 97.4 94.4 89.1 80.8 57.8
Marathi 98.8 95.8 91.5 80.8 52.8 25.7 99.7 98.0 96.5 91.9 84.9 61.5 99.1 97.4 95.2 91.1 83.8 60.8
Punjabi 99.1 96.9 90.5 75.6 51.2 23.9 99.3 98.2 95.1 92.1 85.9 60.2 99.8 97.7 94.0 89.9 83.6 55.4
Icelandic 99.2 97.0 92.9 82.0 54.4 27.1 97.8 98.7 96.4 91.7 82.9 61.8 98.0 98.1 94.9 90.5 81.4 65.6
Maltese 100.1 96.7 91.1 79.4 54.2 27.3 99.5 97.9 95.3 90.4 80.0 59.3 100.4 97.7 94.2 88.4 80.4 55.4
Lao 99.6 97.9 90.4 78.6 45.1 21.3 99.1 99.3 95.1 89.4 81.8 54.1 99.3 98.2 95.2 89.7 82.6 55.3
Haitian Creole 99.3 96.6 89.5 78.1 55.1 30.3 99.0 97.2 96.3 87.9 78.4 59.7 98.2 97.2 95.0 87.4 77.3 61.5
Swahili 98.8 95.1 89.1 75.5 52.6 34.5 98.1 96.4 92.1 86.6 78.1 49.4 99.3 95.9 92.3 86.4 76.8 50.6

T1 99.2 96.3 90.9 79.0 51.9 23.5 99.5 98.3 95.8 92.0 84.2 58.4 99.2 97.8 95.4 91.6 83.9 55.7
Norwegian 99.5 97.9 96.0 88.6 62.2 22.8 99.3 98.6 98.7 96.8 93.8 80.6 99.1 98.9 98.6 97.5 94.0 82.6
Macedonian 99.8 97.7 93.4 84.8 61.2 22.4 99.7 99.3 97.2 96.2 91.0 74.2 100.0 99.0 97.5 95.8 91.6 74.8
Albanian 100.0 98.3 93.9 84.3 58.8 23.8 100.5 99.4 97.0 94.0 88.3 72.2 99.5 98.6 97.4 94.0 88.5 61.0
Armenian 99.0 97.2 91.7 78.5 51.4 18.9 98.2 98.4 98.0 94.0 84.8 59.3 98.7 98.4 97.1 92.7 85.1 55.5
Malayalam 98.1 96.0 89.8 77.2 51.6 22.5 99.0 98.7 95.0 90.1 84.0 56.3 98.8 98.5 94.9 90.9 85.5 54.9
Gujarati 98.3 95.7 91.9 79.7 50.5 21.0 98.8 97.8 94.7 92.0 87.1 58.4 98.7 97.5 94.7 91.0 86.7 47.9
Javanese 100.0 97.8 92.6 78.8 57.2 26.0 100.1 98.3 97.2 94.1 86.3 64.5 100.3 98.0 96.4 94.1 84.5 60.6
Nepali 98.7 95.1 90.2 81.0 54.9 25.6 99.2 98.3 95.7 92.3 83.2 59.2 99.5 98.0 96.0 91.1 83.0 50.1
Kannada 99.9 96.1 89.5 76.9 51.4 21.2 100.0 98.3 95.7 91.0 85.4 51.7 100.0 97.8 94.2 89.4 84.7 54.5
Telugu 99.9 97.2 90.1 75.4 49.1 22.8 100.0 97.9 95.8 91.2 84.2 43.8 99.6 97.5 95.2 88.6 85.1 43.7
Oriya 99.5 95.2 88.9 74.6 47.5 22.3 99.2 97.8 93.9 88.1 79.3 50.9 99.0 97.1 91.8 86.5 80.0 52.3
Azerbaijani 98.8 97.1 92.4 79.9 56.5 24.7 99.5 99.2 95.9 93.8 86.2 60.8 99.8 98.4 96.4 93.4 85.8 57.7
Sundanese 99.5 96.2 92.1 79.8 57.3 25.6 99.7 97.8 95.4 90.8 82.5 58.5 98.7 97.7 95.3 91.0 80.4 59.0
Assamese 98.9 96.6 89.4 75.9 50.7 26.1 99.9 98.1 96.2 89.5 80.3 52.0 99.0 97.6 94.6 90.2 78.9 49.5
Khmer 98.3 92.5 87.5 79.8 39.4 20.3 98.5 99.6 96.7 92.6 79.3 53.9 98.9 97.6 96.6 94.2 83.8 53.5
Sinhala 99.2 95.1 87.3 73.5 47.5 26.8 99.0 96.4 92.8 86.4 77.0 47.7 99.7 96.2 93.2 87.6 76.3 46.7
Tajik 98.3 96.9 91.4 77.1 46.1 27.6 98.4 96.3 91.9 87.0 77.5 51.1 97.8 95.4 91.1 85.2 74.3 44.7
Burmese 99.6 94.2 88.8 77.1 41.5 23.2 101.4 99.2 96.3 96.3 85.7 55.1 99.3 98.7 96.0 94.6 82.5 54.4

Avg 99.3 97.5 93.5 84.2 59.8 23.8 99.5 98.9 97.2 94.5 89.0 70.0 99.5 98.6 97.1 94.3 89.0 69.4

Table 19: Retention (%) at r=7..2 for Qwen3 under top-k reduction, global α, and token α. Averaged across
Belebele and Translation. Per-language mean across available tasks, then mean across languages within tier. Qwen3
is restricted to its 73 supported languages. Part 2: tiers T2–T1 and overall mean.
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Qwen3.5

Standard Global α Token α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T5 99.7 99.4 97.8 94.3 84.0 54.2 100.1 100.1 100.1 99.8 99.1 96.6 100.0 100.1 100.0 99.9 99.3 97.1
English 99.7 99.0 98.8 97.4 90.0 65.4 99.9 99.4 100.0 99.9 99.7 99.1 100.1 99.7 100.0 99.9 99.3 98.6
German 99.9 99.5 98.4 94.6 83.5 53.1 100.2 100.2 100.4 99.8 98.8 96.8 99.8 100.1 99.9 100.1 99.3 97.6
French 99.5 99.7 98.8 96.8 87.1 59.1 99.5 100.0 100.0 100.0 99.7 97.8 100.0 99.9 100.4 100.2 99.6 97.8
Arabic 99.2 98.2 94.7 91.0 77.9 45.9 100.1 99.8 99.3 99.6 99.4 95.7 99.8 99.3 99.2 99.1 99.4 94.8
Spanish 100.0 99.6 98.8 96.2 87.6 55.1 100.0 100.2 99.9 99.7 99.7 98.3 99.9 100.2 100.1 100.0 99.1 98.0
Chinese (S.) 99.7 100.2 98.8 92.2 80.2 49.6 100.2 99.9 99.6 98.9 97.0 95.0 100.1 100.1 99.7 99.1 98.6 97.5
Japanese 99.7 99.9 96.2 91.9 81.9 51.5 100.7 101.2 101.4 100.4 99.2 93.4 100.3 101.5 100.9 100.5 100.0 95.1

T4 99.5 98.7 97.4 94.6 82.8 49.5 99.8 100.0 99.8 99.6 98.7 95.5 99.9 99.8 99.7 99.4 98.8 96.0
Portuguese 99.6 98.7 97.8 95.1 81.1 53.0 99.7 99.9 99.6 99.3 99.1 96.8 99.8 99.8 99.7 99.3 99.0 97.1
Catalan 99.5 100.0 98.7 96.7 86.4 51.9 99.7 100.1 99.4 99.7 97.9 94.2 99.9 99.7 99.7 99.3 98.8 96.2
Swedish 99.4 98.4 97.4 94.4 88.8 53.1 99.6 99.7 99.5 99.5 99.4 96.5 99.5 99.3 99.3 99.5 98.5 96.7
Serbian 99.6 99.0 98.4 96.6 80.0 45.8 99.4 100.3 100.3 99.3 98.5 94.9 99.5 100.0 99.7 98.5 98.1 94.8
Czech 99.1 97.8 97.7 95.2 86.2 52.3 99.6 99.6 99.5 99.6 98.9 96.5 100.1 99.3 99.8 99.3 98.6 96.2
Russian 99.6 99.5 96.8 95.8 82.7 53.0 100.1 100.0 100.0 99.1 98.9 96.2 100.4 100.0 99.6 99.4 98.3 96.9
Persian 98.8 98.9 97.5 94.8 85.1 42.7 99.4 99.6 98.9 98.4 97.3 95.6 99.6 99.3 99.4 98.9 97.8 95.5
Hungarian 99.9 98.7 94.7 91.8 80.5 47.0 99.9 99.8 99.8 99.4 98.9 95.1 100.0 99.8 100.1 100.2 98.7 95.6
Italian 99.3 99.4 99.0 96.3 87.4 58.0 99.7 99.8 99.8 99.8 99.3 97.0 99.5 99.5 99.8 99.8 99.2 97.2
Vietnamese 99.9 99.8 98.8 94.2 77.3 51.8 100.5 100.5 100.4 100.1 99.2 96.9 100.2 100.6 100.2 100.0 99.8 97.3
Turkish 99.5 98.1 97.0 92.4 80.4 46.8 100.3 100.2 99.8 99.7 99.2 95.3 100.1 100.0 100.1 99.0 98.6 95.2
Croatian 99.2 97.1 96.9 94.2 86.2 48.2 100.2 101.3 99.8 101.0 101.1 98.8 100.7 100.9 100.0 100.7 101.1 98.7
Finnish 98.9 96.6 94.3 92.0 82.8 46.0 99.5 99.0 100.2 100.3 98.5 93.8 99.1 98.6 98.9 98.8 99.4 94.9
Korean 99.9 99.7 97.5 93.6 79.6 52.7 100.2 100.1 100.0 100.3 98.6 94.5 99.9 99.7 100.1 99.5 98.6 95.3
Dutch 100.3 99.4 98.8 96.0 83.6 54.0 100.2 99.9 100.0 100.0 98.7 96.9 100.0 99.7 100.1 99.7 99.0 96.8
Polish 99.8 98.7 97.3 96.2 82.5 42.3 99.7 99.8 99.4 99.0 98.0 95.6 99.7 99.4 99.3 99.0 98.2 96.0
Hindi 99.7 98.6 97.5 94.5 82.3 48.9 99.9 99.3 99.3 99.1 97.5 93.9 99.9 99.7 99.3 99.2 97.6 93.7
Basque 99.0 98.8 96.4 93.0 77.8 44.0 99.6 100.4 100.1 98.5 96.7 90.9 99.9 100.6 100.0 99.2 98.4 93.3

T3 99.6 98.5 96.8 93.3 82.0 44.9 99.9 99.7 99.5 99.3 98.1 93.9 99.9 99.7 99.7 99.3 98.1 94.4
Afrikaans 99.9 99.0 97.7 95.3 86.4 43.2 100.0 100.1 99.4 99.5 99.1 95.1 99.9 100.0 99.4 99.4 98.8 95.7
Danish 99.2 98.3 96.0 93.1 84.1 55.3 99.4 99.3 99.1 99.7 98.5 96.1 99.6 99.3 98.8 98.8 98.0 96.4
Malay 99.6 99.0 98.6 96.7 87.1 52.4 100.1 99.6 99.8 99.7 98.2 95.7 100.0 99.6 99.9 99.5 98.4 96.3
Romanian 100.0 98.0 95.5 91.1 83.3 46.5 99.7 99.8 99.6 99.8 98.3 95.8 100.1 99.9 100.1 99.2 98.6 95.4
Indonesian 99.8 99.2 98.7 96.0 85.9 54.3 100.1 100.1 99.9 99.7 98.7 97.5 99.9 100.3 99.7 99.9 98.8 97.4
Bulgarian 100.1 99.4 98.0 96.6 86.8 52.5 99.9 100.1 100.6 100.7 99.6 97.5 99.9 100.3 100.3 100.7 100.0 96.3
Filipino 99.7 98.6 97.9 92.8 80.5 40.3 99.7 99.5 99.4 98.5 96.4 92.2 99.9 99.8 99.3 98.3 97.3 92.9
Slovak 99.6 97.3 97.2 94.3 83.0 47.6 99.9 99.0 98.9 99.3 98.9 95.0 99.9 99.6 98.9 98.2 98.6 95.6
Ukrainian 99.4 97.9 97.4 92.0 84.0 51.0 100.0 99.9 99.9 99.3 98.4 94.7 99.9 99.5 100.9 99.8 98.9 95.3
Hebrew 100.3 98.5 97.5 94.0 84.0 47.5 100.1 100.3 100.5 100.0 98.9 96.1 100.0 100.1 100.6 99.9 99.0 96.4
Latvian 99.1 98.3 97.2 91.6 80.6 41.6 99.7 99.7 99.2 99.0 98.4 93.4 99.5 99.6 99.2 98.7 97.9 93.7
Slovenian 98.9 97.7 96.5 94.6 81.9 42.1 99.1 98.7 98.5 99.2 98.2 94.2 99.6 99.4 98.7 99.8 98.0 93.5
Estonian 99.8 98.4 96.7 90.6 80.5 35.7 99.2 99.8 99.5 99.3 99.2 92.0 100.1 99.0 100.1 99.5 98.3 93.4
Greek 99.0 98.3 95.0 93.3 84.7 46.0 99.9 100.3 99.9 100.2 98.2 95.1 99.4 99.5 100.1 99.9 98.8 95.8
Lithuanian 98.8 98.5 99.1 95.8 82.6 42.8 99.9 100.8 101.0 100.5 99.2 95.0 99.7 100.3 100.4 99.8 98.2 94.2
Uzbek 100.0 99.1 98.2 92.6 75.9 42.8 100.2 100.2 99.6 99.2 98.4 91.3 100.0 99.9 99.4 99.3 96.9 91.5
Cebuano 100.4 98.7 97.4 93.4 81.1 45.3 100.9 99.5 99.2 98.7 95.8 90.6 100.4 99.5 99.6 98.2 96.5 91.8
Bengali 99.7 98.7 97.2 94.2 81.4 45.1 99.7 99.3 98.6 98.3 96.9 91.0 100.4 99.4 98.9 98.5 96.7 93.5
Urdu 99.2 98.1 96.0 91.6 72.8 36.8 99.8 99.3 98.6 98.0 97.1 91.8 99.8 99.6 99.5 99.1 97.5 91.3
Thai 100.1 97.7 89.0 90.2 85.8 51.2 100.0 99.9 99.6 99.7 98.7 95.7 100.1 100.1 100.0 99.6 98.5 96.3
Georgian 99.2 98.8 95.9 91.8 77.9 35.2 99.7 99.1 98.6 99.1 97.1 90.4 99.7 99.8 99.6 99.2 97.1 92.9
Kazakh 99.0 97.9 95.6 93.0 76.4 38.3 99.9 99.3 98.9 98.7 96.9 91.3 99.8 99.9 99.3 98.7 97.2 92.6
Tamil 99.2 99.4 97.0 92.3 79.3 39.3 99.6 99.5 99.9 98.9 97.7 91.0 100.0 99.4 100.1 99.2 98.3 92.7

Table 20: Retention (%) at r=7..2 for Qwen3.5 under top-k reduction, global α, and token α. Averaged across
Belebele and Translation. Per-language mean across available tasks, then mean across languages within tier. Part 1:
tiers T5–T3.
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Qwen3.5

Standard Global α Token α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T2 99.6 98.3 95.7 90.3 74.7 39.1 99.8 99.7 98.7 97.6 94.6 85.7 99.8 99.4 98.9 97.9 95.4 87.6
Maltese 100.0 98.7 98.0 94.8 81.0 39.8 99.6 100.5 99.6 98.9 97.4 90.6 99.7 99.9 99.7 99.0 97.5 92.8
Swahili 99.1 98.4 95.8 91.5 79.2 41.6 100.4 99.5 99.2 98.1 96.6 89.3 100.2 99.3 99.1 97.6 96.7 90.9
Icelandic 100.3 98.8 98.8 94.2 82.3 40.1 101.1 100.5 100.3 99.9 97.7 92.3 100.5 100.3 100.9 100.0 98.5 94.4
Marathi 99.7 98.7 97.8 94.2 81.4 41.8 100.6 100.0 100.3 99.5 97.1 92.1 100.3 99.9 100.0 99.0 96.7 92.3
Punjabi 100.7 100.0 98.4 94.7 83.6 37.0 100.4 100.4 99.9 99.9 98.4 92.5 100.6 99.8 100.1 99.9 98.4 93.1
Haitian Creole 98.9 97.3 95.4 93.3 76.5 40.7 99.2 101.1 100.2 99.4 97.4 87.9 99.7 100.7 100.0 99.3 97.4 89.1
Lao 98.7 98.5 96.5 89.3 68.9 33.0 98.5 99.6 99.4 98.5 97.2 88.8 99.4 99.4 99.4 98.7 96.7 89.6
Amharic 99.6 98.3 92.7 86.2 68.8 31.3 100.3 99.5 98.4 98.7 93.1 81.5 100.1 99.1 98.6 98.6 95.0 85.3
Xhosa 99.0 98.0 94.8 86.9 67.8 34.0 100.1 99.1 99.8 96.9 93.0 83.9 99.8 99.0 99.1 97.0 94.0 86.3
Zulu 99.5 98.5 94.1 91.2 76.4 42.5 99.8 99.1 98.1 97.6 95.7 87.0 98.8 99.8 98.5 98.3 95.1 88.8
Hausa 99.9 98.9 96.9 88.5 72.3 42.1 99.8 98.9 98.6 97.6 91.9 81.2 99.8 98.9 98.5 96.6 95.0 86.8
Tigrinya 99.5 97.2 94.5 88.3 69.0 35.1 99.5 98.1 95.8 95.5 92.1 79.6 99.4 98.6 97.0 97.3 92.8 81.9
Tswana 99.9 98.4 93.7 86.3 68.1 38.2 99.1 99.4 97.3 96.9 90.3 81.8 99.3 98.3 98.2 97.8 94.1 84.7
Yoruba 99.2 97.5 93.9 87.1 68.0 42.8 100.7 100.9 97.0 94.5 92.4 79.9 99.6 99.2 98.8 95.3 91.9 81.3
Wolof 99.9 96.7 95.0 88.2 78.0 45.6 97.7 98.2 97.1 92.2 88.1 76.5 99.3 99.2 96.2 94.3 90.8 77.2

T1 99.2 97.9 95.6 90.0 74.0 39.6 99.8 99.5 98.6 97.4 94.0 85.6 99.7 99.4 98.8 97.6 94.9 87.1
Norwegian 99.1 98.4 96.8 93.1 83.5 48.7 99.8 99.7 99.8 99.7 99.1 95.7 99.7 99.7 99.7 99.2 98.6 96.4
Macedonian 99.6 98.3 95.4 95.0 85.1 45.9 99.8 99.8 100.1 99.7 98.5 95.1 100.2 99.6 99.3 99.0 99.0 95.9
Albanian 99.4 97.2 96.9 92.7 80.2 42.2 99.8 100.3 99.6 99.1 98.2 93.4 99.9 99.2 99.4 99.3 97.9 94.0
Armenian 99.3 98.3 97.1 94.1 78.8 42.8 100.3 100.1 99.8 99.2 98.1 92.9 100.6 100.7 100.4 99.7 98.5 94.0
Malayalam 99.4 98.9 97.4 93.5 79.8 34.1 100.1 99.7 99.9 99.9 97.7 91.6 99.7 100.2 99.6 99.9 97.8 93.8
Javanese 99.7 98.7 98.0 92.7 75.0 40.5 99.6 100.2 99.1 98.3 96.8 89.5 99.5 100.1 99.3 99.4 97.1 91.7
Gujarati 99.5 98.7 97.1 92.4 79.6 35.1 100.6 100.1 99.7 98.8 96.0 89.0 100.1 99.2 99.2 98.4 96.3 89.6
Oriya 100.0 99.5 98.3 94.3 75.9 38.9 100.6 101.1 99.7 99.4 97.0 90.0 99.9 100.4 100.1 99.7 97.3 91.0
Nepali 100.5 100.2 98.1 94.8 78.5 40.8 100.7 101.1 101.6 100.4 98.2 93.1 100.4 101.9 101.6 100.7 98.5 91.8
Telugu 99.0 98.1 97.0 90.3 73.3 36.0 99.7 99.4 98.9 97.4 95.2 88.9 99.2 99.5 99.7 98.0 95.5 91.8
Sundanese 99.3 97.9 96.0 89.8 76.5 36.4 99.0 99.2 98.9 97.1 95.2 90.5 99.3 99.4 99.0 97.9 95.6 90.9
Sinhala 98.8 98.4 95.2 90.1 77.5 34.2 98.8 99.0 99.0 98.1 96.1 89.7 99.9 99.5 100.2 99.7 95.9 92.1
Kannada 99.6 98.9 98.1 92.2 65.8 31.6 99.7 99.8 99.9 98.6 97.1 90.3 100.1 100.1 99.9 98.8 97.1 92.0
Tajik 101.1 99.0 96.7 93.3 80.2 38.4 100.7 100.7 100.2 98.6 96.4 88.4 100.5 100.3 100.0 99.0 96.4 90.8
Kyrgyz 99.8 98.1 94.8 89.8 78.3 38.1 99.5 99.4 98.2 96.9 95.6 90.5 99.0 99.2 98.6 96.6 96.5 90.3
Kurdish 99.0 98.6 94.9 89.4 67.7 32.4 99.0 99.5 99.1 97.3 92.6 85.0 100.2 99.1 98.3 97.1 94.9 84.6
Assamese 99.1 99.2 96.4 93.3 76.2 37.6 100.0 99.4 98.9 97.0 95.1 87.5 99.6 99.4 99.4 97.7 95.7 88.8
Khmer 99.3 97.9 96.5 93.4 70.7 35.6 100.1 100.1 99.6 98.9 97.4 90.4 100.6 100.3 99.9 99.5 98.9 93.0
Azerbaijani 98.8 96.9 96.4 94.4 80.5 42.0 99.2 99.7 98.6 98.4 95.3 88.2 99.0 99.5 98.8 98.0 96.5 89.0
Pashto 99.7 98.0 96.1 89.5 72.6 36.5 99.9 99.7 99.0 98.0 94.8 86.1 100.3 99.4 99.8 98.9 94.4 86.3
Burmese 99.1 95.8 95.5 90.5 76.2 37.1 99.8 99.8 99.2 99.2 96.4 89.5 100.4 99.3 99.4 98.9 97.9 91.4
Mongolian 99.2 97.9 96.1 89.5 65.3 32.3 99.9 100.4 98.6 99.7 96.2 87.9 99.6 99.8 100.0 98.8 96.0 89.7
Malagasy 98.3 97.4 94.2 88.9 74.3 36.8 99.6 98.9 97.9 96.9 91.8 82.7 99.3 98.8 98.1 97.7 94.6 87.5
Southern Sotho 98.9 99.2 95.5 88.5 71.8 37.8 99.6 99.2 97.0 97.4 90.7 80.1 99.6 99.0 98.9 98.0 93.5 83.1
Kinyarwanda 99.1 97.0 97.2 92.2 75.6 38.0 100.8 100.0 99.3 98.2 95.8 85.6 100.0 99.2 98.2 97.7 97.2 87.7
Somali 100.4 98.9 94.8 87.8 67.4 38.0 100.8 101.5 101.0 99.5 94.2 82.9 100.8 100.9 100.4 98.6 96.0 82.6
Maori 98.5 96.0 91.9 84.3 70.8 40.6 99.8 99.9 97.1 97.2 91.9 82.0 99.5 100.0 98.1 97.5 93.9 84.4
Shona 98.8 97.1 95.7 89.1 71.2 37.1 99.3 98.6 99.3 97.1 93.7 81.2 99.7 98.4 98.3 96.1 94.0 84.3
Igbo 100.1 97.4 95.0 86.7 71.4 39.9 100.1 98.2 98.1 96.1 90.9 80.5 100.0 99.4 98.1 96.8 91.3 80.3
Chichewa 100.1 97.9 94.8 89.6 66.3 43.1 99.1 98.4 97.9 97.4 90.0 80.0 100.3 99.6 96.5 97.3 93.9 85.5
Swati 97.3 97.8 91.7 82.2 70.1 40.4 98.3 97.8 94.7 92.6 87.7 73.1 98.8 97.7 94.5 93.3 88.3 77.4
Guarani 100.1 97.2 91.2 82.8 64.3 43.3 101.0 99.3 96.6 96.7 90.0 79.0 99.9 99.0 98.9 95.5 92.3 77.7
Lingala 98.5 96.7 94.9 87.4 73.8 45.7 99.2 99.2 96.5 93.5 88.2 78.3 98.7 99.4 97.9 94.1 91.6 79.6
Oromo 99.2 95.5 94.1 86.9 66.6 40.8 98.9 98.9 95.3 91.4 85.6 70.2 98.3 97.4 96.2 93.9 89.1 75.2
Luganda 97.8 98.0 94.6 88.5 74.9 45.9 99.5 97.6 96.8 94.6 87.5 76.0 98.6 98.8 97.8 96.7 90.6 79.9
Tibetan 97.1 94.2 89.4 82.1 67.4 44.2 97.6 99.1 96.3 93.3 87.8 75.2 99.6 96.2 97.0 94.9 89.0 73.9
Bambara 99.0 98.6 95.9 85.4 74.2 57.4 100.8 96.9 97.0 93.8 87.9 77.0 99.0 97.7 95.9 89.8 85.1 76.2

Avg 99.4 98.3 96.3 91.9 78.2 43.6 99.8 99.7 99.1 98.4 96.2 90.1 99.8 99.6 99.3 98.5 96.7 91.2

Table 21: Retention (%) at r=7..2 for Qwen3.5 under top-k reduction, global α, and token α. Averaged across
Belebele and Translation. Per-language mean across available tasks, then mean across languages within tier. Part 2:
tiers T2–T1 and overall mean.
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Gemma4

Standard Global α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T5 99.7 99.2 98.0 96.2 91.0 72.4 99.7 99.2 98.0 96.2 91.6 74.5
English 99.9 98.8 97.6 95.6 91.3 72.1 99.9 98.8 97.6 96.3 91.9 76.5
French 99.4 99.3 97.2 96.1 93.7 76.4 99.4 99.3 97.8 96.2 93.3 77.7
German 99.3 98.8 97.9 96.5 92.5 74.3 99.3 98.8 98.1 97.0 93.3 75.8
Arabic 99.7 99.3 97.0 95.8 87.6 65.8 99.7 99.3 96.8 95.4 89.1 68.2
Chinese (S.) 99.3 99.1 98.0 95.6 89.0 69.5 99.3 99.1 98.4 96.0 89.2 71.5
Spanish 100.3 99.6 99.7 97.8 90.9 75.8 100.3 99.6 99.0 96.4 92.0 77.0
Japanese 100.3 99.8 98.8 95.7 91.7 72.9 100.3 99.8 98.5 96.4 92.0 74.6

T4 99.6 99.0 97.8 95.7 90.6 71.1 99.6 99.0 98.1 96.0 91.4 73.8
Catalan 99.8 99.2 98.1 96.5 92.2 74.2 99.8 99.2 98.6 95.6 92.6 75.9
Portuguese 100.2 99.7 98.2 97.3 92.3 75.2 100.2 99.7 99.1 98.2 93.7 79.4
Swedish 99.6 99.1 98.2 96.2 92.5 74.7 99.6 99.1 98.3 96.4 92.2 77.2
Serbian 99.5 98.7 96.7 94.3 89.5 69.0 99.5 98.7 97.6 94.7 90.3 72.0
Czech 99.7 99.0 97.6 96.0 90.7 74.7 99.7 99.0 97.9 96.4 91.1 76.2
Croatian 99.7 99.4 98.4 95.0 89.3 69.2 99.7 99.4 97.7 95.7 90.0 72.8
Italian 99.1 98.5 96.8 95.4 91.8 76.4 99.1 98.5 96.8 95.2 92.2 77.1
Vietnamese 98.7 98.4 98.0 95.1 91.0 69.6 98.7 98.4 97.4 95.3 91.0 74.2
Turkish 99.3 98.2 98.9 96.1 90.3 67.4 99.3 98.2 97.2 95.9 90.6 72.9
Russian 100.5 99.3 98.4 96.9 92.9 75.8 100.5 99.3 99.0 96.8 91.8 76.0
Hungarian 100.0 98.7 97.7 95.6 90.9 69.8 100.0 98.7 98.8 96.6 92.6 71.7
Dutch 99.5 98.3 97.4 95.5 92.2 74.8 99.5 98.3 98.0 94.8 90.7 78.6
Finnish 99.9 99.3 97.9 96.0 89.4 69.7 99.9 99.3 98.4 96.5 92.5 72.6
Persian 100.1 99.2 97.1 94.8 89.6 67.0 100.1 99.2 98.5 94.7 90.9 68.7
Polish 99.4 99.6 98.2 95.4 91.3 72.3 99.4 99.6 98.0 96.8 92.5 74.2
Hindi 99.3 99.6 97.1 95.8 88.5 67.9 99.3 99.6 98.5 96.8 90.7 72.0
Korean 99.4 98.2 97.4 95.4 90.0 68.8 99.4 98.2 97.5 95.0 89.8 70.4
Basque 99.8 99.2 98.0 94.5 87.0 62.9 99.8 99.2 97.9 96.0 90.5 66.4

T3 99.7 98.9 97.6 95.1 89.2 67.2 99.7 98.9 97.9 95.5 90.0 70.8
Afrikaans 99.7 99.3 98.9 95.8 89.6 68.7 99.7 99.3 98.3 95.5 89.9 71.6
Danish 100.0 99.0 98.3 96.5 92.5 75.4 100.0 99.0 98.1 97.4 92.6 77.8
Romanian 99.7 99.7 98.0 96.1 92.0 72.7 99.7 99.7 97.2 95.2 92.4 75.1
Filipino 99.8 97.6 96.6 93.7 90.0 69.9 99.8 97.6 97.4 94.0 90.6 72.3
Bulgarian 100.0 99.2 97.6 95.5 90.8 71.8 100.0 99.2 98.3 96.5 91.3 75.5
Malay 99.4 98.8 97.4 95.5 89.4 70.4 99.4 98.8 98.1 95.1 89.8 72.8
Hebrew 100.0 98.9 97.6 95.4 90.0 64.4 100.0 98.9 97.7 94.6 89.8 69.6
Indonesian 99.5 99.1 98.7 96.5 91.2 71.7 99.5 99.1 98.4 96.6 91.6 74.8
Slovak 99.6 99.6 98.9 96.4 91.3 74.9 99.6 99.6 98.8 96.9 91.7 77.5
Latvian 99.2 98.7 97.5 94.7 89.0 66.1 99.2 98.7 97.5 95.1 90.5 69.6
Ukrainian 99.8 99.2 98.2 94.9 89.4 70.2 99.8 99.2 98.1 96.5 90.0 73.8
Greek 100.7 98.8 98.7 97.7 92.1 71.1 100.7 98.8 99.1 97.0 92.5 78.2
Lithuanian 100.0 98.9 97.5 93.8 86.7 68.0 100.0 98.9 98.1 94.3 88.7 69.4
Slovenian 99.4 98.2 96.8 95.9 91.0 69.7 99.4 98.2 97.0 95.7 91.8 73.1
Estonian 98.8 98.8 97.8 94.3 89.1 68.8 98.8 98.8 97.8 95.7 90.0 71.8
Cebuano 98.7 98.5 95.6 92.8 86.8 66.3 98.7 98.5 96.8 92.8 86.9 69.6
Uzbek 99.7 98.6 96.3 92.5 84.8 55.2 99.7 98.6 97.3 94.5 88.6 64.2
Bengali 98.9 97.4 97.7 95.7 88.1 65.6 98.9 97.4 98.2 96.2 89.6 68.2
Georgian 99.8 98.6 96.5 94.8 87.5 61.3 99.8 98.6 96.9 94.9 88.2 64.5
Urdu 100.0 98.8 97.2 93.1 86.4 58.7 100.0 98.8 97.7 93.7 86.1 60.4
Thai 99.7 99.6 97.9 96.1 89.5 67.9 99.7 99.6 98.0 97.3 90.6 68.2
Kazakh 100.1 99.3 96.7 93.4 86.5 55.7 100.1 99.3 97.8 95.6 89.0 65.3
Tamil 99.7 99.8 97.2 95.4 88.6 61.2 99.7 99.8 98.6 95.4 87.6 65.5

Table 22: Retention (%) at r=7..2 for Gemma4 under top-k reduction and global α. Averaged across Belebele and
Translation. Per-language mean across available tasks, then mean across languages within tier. Part 1: tiers T5–T3.
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Gemma4

Standard Global α

Tier/Language Ret7 Ret6 Ret5 Ret4 Ret3 Ret2 Ret7 Ret6 Ret5 Ret4 Ret3 Ret2

T2 99.5 98.2 96.2 91.6 83.6 59.8 99.5 98.2 96.8 92.8 84.8 63.8
Maltese 99.2 99.0 97.0 93.3 85.5 62.7 99.2 99.0 96.2 93.5 87.7 66.2
Swahili 99.5 98.2 96.5 93.3 86.7 65.0 99.5 98.2 97.0 94.2 85.7 68.5
Icelandic 98.8 97.1 96.8 94.3 89.3 68.8 98.8 97.1 96.3 94.2 88.8 71.2
Marathi 100.3 99.3 98.5 95.6 87.8 58.1 100.3 99.3 99.4 96.4 88.2 66.8
Punjabi 99.2 98.7 97.5 94.0 85.7 57.7 99.2 98.7 96.8 95.3 88.4 61.0
Haitian Creole 100.7 98.9 96.8 92.8 84.8 62.7 100.7 98.9 97.6 93.8 86.0 66.4
Lao 98.7 99.2 96.4 91.9 86.1 60.3 98.7 99.2 96.1 93.5 85.5 62.7
Amharic 100.1 96.5 95.3 89.4 83.1 54.7 100.1 96.5 96.5 92.4 81.7 61.9
Hausa 98.9 95.1 93.1 86.7 80.3 55.5 98.9 95.1 95.4 90.8 82.4 61.1
Xhosa 99.7 98.4 94.5 89.3 79.6 57.7 99.7 98.4 97.2 91.6 83.2 61.6
Zulu 100.3 99.7 96.5 92.1 85.8 61.8 100.3 99.7 97.4 90.9 82.3 64.2
Tswana 98.7 96.9 95.6 91.3 79.0 58.7 98.7 96.9 95.3 89.2 78.1 61.6
Tigrinya 99.0 96.7 93.8 88.1 75.8 46.3 99.0 96.7 94.5 90.2 81.0 49.3
Yoruba 98.7 98.6 96.0 90.2 80.9 58.6 98.7 98.6 96.0 90.1 85.2 62.6
Wolof 100.7 100.0 98.4 91.9 83.3 68.8 100.7 100.0 99.5 95.5 87.8 72.4

T1 99.4 97.9 96.0 92.2 84.1 58.6 99.4 97.9 96.6 92.9 85.1 62.5
Norwegian 99.5 98.2 97.7 95.8 91.8 73.1 99.5 98.2 98.5 96.3 93.2 78.3
Macedonian 99.4 99.2 98.2 95.9 90.4 69.3 99.4 99.2 98.3 94.9 91.7 74.1
Albanian 100.0 98.7 97.8 95.4 89.2 66.9 100.0 98.7 96.9 94.9 89.9 69.7
Armenian 99.1 99.4 97.7 94.7 86.6 62.0 99.1 99.4 97.0 94.5 86.6 65.2
Malayalam 99.3 98.3 96.2 91.0 85.6 57.6 99.3 98.3 96.5 93.1 85.1 64.4
Gujarati 99.8 97.1 96.4 92.3 86.4 55.7 99.8 97.1 96.1 92.7 88.2 61.5
Nepali 99.6 97.8 96.3 94.5 86.2 62.5 99.6 97.8 98.0 94.2 87.5 66.1
Javanese 100.0 97.9 96.2 90.8 82.6 60.2 100.0 97.9 96.2 91.6 82.5 62.7
Telugu 99.9 98.7 96.1 94.9 87.8 54.9 99.9 98.7 98.4 94.4 89.4 59.3
Tajik 99.0 97.7 96.1 91.5 80.7 54.8 99.0 97.7 96.3 92.2 84.6 61.4
Sinhala 100.3 98.4 96.8 94.5 84.8 57.7 100.3 98.4 97.8 93.7 87.8 58.9
Kannada 100.8 97.7 95.7 94.6 87.6 57.3 100.8 97.7 96.8 94.3 87.0 65.1
Khmer 99.2 99.1 97.7 93.0 86.8 60.7 99.2 99.1 96.5 95.1 87.1 65.2
Kurdish 99.2 95.9 94.3 91.1 80.2 53.3 99.2 95.9 94.7 91.8 82.0 56.4
Sundanese 98.3 97.9 95.5 92.6 81.7 53.4 98.3 97.9 96.1 91.9 83.7 59.5
Oriya 99.4 97.8 96.1 93.0 82.9 49.8 99.4 97.8 97.8 95.4 84.7 55.6
Azerbaijani 98.7 97.8 96.9 94.5 85.0 61.4 98.7 97.8 97.6 95.6 86.4 60.7
Mongolian 98.9 98.7 96.5 90.6 82.4 60.5 98.9 98.7 95.9 92.5 86.1 61.8
Assamese 98.7 97.1 96.8 93.9 84.6 50.7 98.7 97.1 98.1 94.8 86.8 61.1
Kyrgyz 99.5 98.9 98.0 93.6 87.2 60.1 99.5 98.9 99.5 95.1 87.3 61.0
Pashto 100.8 98.3 94.7 90.7 81.8 56.5 100.8 98.3 95.6 90.8 81.5 56.1
Burmese 99.1 98.1 95.4 92.2 82.7 53.4 99.1 98.1 97.8 92.9 85.1 56.4
Malagasy 99.3 97.8 95.8 90.7 84.7 58.1 99.3 97.8 96.6 92.5 86.0 61.8
Southern Sotho 98.7 95.9 93.8 90.4 80.3 54.8 98.7 95.9 92.5 90.0 82.8 59.6
Kinyarwanda 98.7 98.8 95.9 92.5 81.0 50.0 98.7 98.8 96.7 91.2 82.8 57.2
Somali 100.4 97.5 96.7 90.5 84.1 59.2 100.4 97.5 97.4 91.6 86.7 64.7
Shona 98.6 96.8 93.1 92.1 84.4 58.0 98.6 96.8 95.1 92.2 84.3 62.2
Chichewa 99.4 96.4 94.2 90.9 85.2 61.5 99.4 96.4 94.1 90.8 81.0 65.9
Igbo 99.2 96.5 92.7 90.0 80.5 59.2 99.2 96.5 97.1 90.6 77.9 65.4
Maori 98.3 96.9 93.7 89.9 84.5 61.8 98.3 96.9 95.0 90.7 79.9 64.0
Swati 100.7 99.0 97.6 90.6 78.0 53.3 100.7 99.0 99.0 91.8 81.6 56.7
Guarani 100.3 98.2 94.2 90.7 83.2 59.4 100.3 98.2 94.3 90.9 83.5 58.4
Oromo 99.5 100.4 97.4 92.8 87.3 58.8 99.5 100.4 97.5 95.4 84.8 60.6
Lingala 99.0 99.6 98.1 93.7 84.7 63.2 99.0 99.6 97.1 92.5 86.1 69.9
Luganda 101.4 97.6 96.9 91.4 80.5 62.5 101.4 97.6 97.8 95.0 84.0 62.3
Tibetan 97.3 95.4 93.1 87.2 77.2 53.2 97.3 95.4 94.2 90.3 77.4 54.8
Bambara 99.6 96.3 93.6 86.7 81.4 64.5 99.6 96.3 92.4 90.4 84.5 67.8

Avg 99.6 98.5 96.8 93.7 86.9 64.0 99.6 98.5 97.3 94.3 87.8 67.5

Table 23: Retention (%) at r=7..2 for Gemma4 under top-k reduction and global α. Averaged across Belebele and
Translation. Per-language mean across available tasks, then mean across languages within tier. Part 2: tiers T2–T1
and overall mean.
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M Detailed Results: Belebele
Qwen3 – Belebele

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 89.1 79.4 89.1 57.0 63.8 25.3 28.4 89.1 86.7 97.3 84.9 95.2 74.4 83.4 89.1 86.8 97.4 84.7 95.1 77.3 86.7
English 91.8 85.9 93.6 67.1 73.1 26.2 28.6 91.8 89.6 97.6 89.4 97.5 83.3 90.8 91.8 90.3 98.4 89.4 97.5 86.0 93.7
French 90.6 77.8 85.9 57.6 63.6 25.1 27.7 90.6 89.1 98.4 87.1 96.2 74.8 82.6 90.6 89.6 98.9 86.4 95.5 78.6 86.7
German 90.1 80.7 89.5 59.4 66.0 24.7 27.4 90.1 87.1 96.7 86.1 95.6 74.0 82.1 90.1 86.6 96.1 84.4 93.7 77.0 85.5
Chinese (S.) 89.7 81.0 90.3 63.0 70.3 26.3 29.4 89.7 87.0 97.0 85.4 95.3 77.4 86.4 89.7 86.6 96.5 85.3 95.2 80.1 89.3
Spanish 88.3 79.9 90.4 56.2 63.6 22.0 24.9 88.3 86.9 98.4 83.6 94.6 72.8 82.4 88.3 86.4 97.9 84.2 95.3 74.9 84.8
Arabic 87.7 75.9 86.6 46.3 52.9 27.0 30.8 87.7 84.4 96.3 83.1 94.8 68.7 78.3 87.7 85.3 97.3 83.0 94.7 72.6 82.8
Japanese 85.7 74.6 87.0 49.2 57.5 25.7 30.0 85.7 82.8 96.6 79.3 92.6 69.7 81.3 85.7 82.9 96.8 80.3 93.8 71.9 83.9

T4 85.7 70.6 82.2 46.7 54.4 24.6 28.8 85.7 81.7 95.2 78.1 91.0 62.9 73.2 85.7 81.4 94.9 78.7 91.7 66.4 77.3
Portuguese 90.0 76.4 84.9 52.4 58.3 25.3 28.1 90.0 87.8 97.5 85.2 94.7 75.2 83.6 90.0 86.8 96.4 86.4 96.0 76.7 85.2
Catalan 89.1 78.1 87.7 52.9 59.4 23.4 26.3 89.1 86.1 96.6 83.7 93.9 71.7 80.4 89.1 86.2 96.8 82.3 92.4 73.7 82.7
Italian 88.7 83.1 93.7 61.6 69.4 23.0 25.9 88.7 86.2 97.2 83.9 94.6 74.6 84.1 88.7 86.0 97.0 83.7 94.4 78.9 89.0
Dutch 88.7 76.0 85.7 49.9 56.3 23.6 26.6 88.7 85.3 96.2 82.7 93.2 68.1 76.8 88.7 85.7 96.6 83.7 94.4 72.1 81.3
Croatian 88.6 74.1 83.7 46.0 51.9 22.0 24.8 88.6 82.2 92.8 78.2 88.3 61.7 69.6 88.6 82.8 93.5 78.2 88.3 66.3 74.9
Russian 88.6 77.7 87.7 52.8 59.6 25.2 28.5 88.6 86.2 97.4 82.0 92.6 69.8 78.8 88.6 86.2 97.4 83.0 93.7 76.0 85.8
Swedish 88.2 76.6 86.8 50.2 56.9 26.7 30.2 88.2 85.9 97.4 82.3 93.3 66.6 75.4 88.2 85.6 97.0 82.2 93.2 68.7 77.8
Vietnamese 88.0 75.3 85.6 50.7 57.6 26.1 29.7 88.0 84.3 95.8 82.8 94.1 71.8 81.6 88.0 84.6 96.1 83.0 94.3 74.2 84.3
Czech 86.9 74.1 85.3 47.0 54.1 25.9 29.8 86.9 84.0 96.7 80.1 92.2 62.8 72.3 86.9 82.9 95.4 81.8 94.1 65.9 75.8
Polish 86.8 69.9 80.5 48.0 55.3 23.0 26.5 86.8 82.1 94.6 76.3 88.0 61.6 70.9 86.8 81.7 94.1 79.1 91.2 64.8 74.6
Serbian 86.6 67.8 78.3 38.2 44.2 23.9 27.6 86.6 81.9 94.6 77.1 89.1 61.1 70.6 86.6 82.1 94.9 78.2 90.4 64.1 74.1
Korean 86.3 74.9 86.7 51.7 59.8 26.2 30.4 86.3 83.6 96.8 81.0 93.8 67.3 78.0 86.3 83.9 97.2 80.8 93.6 71.9 83.3
Hungarian 85.2 64.7 75.9 41.9 49.2 24.9 29.2 85.2 80.6 94.5 77.2 90.6 56.1 65.8 85.2 80.9 94.9 79.3 93.1 58.3 68.4
Finnish 84.0 65.1 77.5 41.2 49.1 24.3 29.0 84.0 80.1 95.4 74.3 88.5 55.9 66.5 84.0 79.4 94.6 75.1 89.4 60.9 72.5
Turkish 83.0 63.4 76.4 39.4 47.5 23.9 28.8 83.0 78.4 94.5 75.3 90.8 57.7 69.5 83.0 79.1 95.3 74.7 90.0 60.3 72.7
Persian 82.7 59.4 71.9 40.9 49.5 24.8 30.0 82.7 79.0 95.6 73.6 89.0 55.9 67.6 82.7 77.4 93.7 74.4 90.1 57.4 69.5
Basque 75.7 55.3 73.1 34.8 46.0 24.0 31.7 75.7 65.8 86.9 62.4 82.5 42.3 55.9 75.7 63.6 84.0 62.6 82.7 49.8 65.8
Hindi 75.3 58.9 78.2 41.2 54.7 26.2 34.8 75.3 70.3 93.4 66.9 88.8 52.4 69.6 75.3 70.7 93.8 67.3 89.4 54.9 72.9

T3 83.5 66.7 79.7 42.2 50.5 24.9 30.0 83.5 78.0 93.4 73.1 87.4 55.7 66.4 83.5 78.1 93.4 73.5 87.8 58.0 69.1
Romanian 88.4 74.4 84.2 49.1 55.5 22.3 25.3 88.4 84.1 95.1 80.8 91.3 64.7 73.1 88.4 84.7 95.7 81.0 91.6 68.2 77.1
Danish 88.2 73.7 83.5 46.9 53.1 25.3 28.7 88.2 84.0 95.2 80.1 90.8 64.4 73.0 88.2 83.6 94.7 81.1 91.9 67.2 76.2
Indonesian 88.2 72.2 81.9 49.1 55.7 25.6 29.0 88.2 85.9 97.4 81.4 92.3 71.8 81.4 88.2 85.1 96.5 82.1 93.1 70.8 80.2
Slovak 87.9 71.8 81.7 45.2 51.5 23.4 26.7 87.9 82.9 94.3 79.8 90.8 60.6 68.9 87.9 83.7 95.2 80.6 91.7 65.2 74.2
Bulgarian 87.8 73.3 83.5 48.0 54.7 26.6 30.3 87.8 83.9 95.6 80.7 91.9 64.6 73.5 87.8 83.4 95.1 79.8 90.9 67.2 76.6
Afrikaans 87.2 72.2 82.8 44.1 50.6 26.7 30.6 87.2 80.0 91.7 76.4 87.6 57.9 66.4 87.2 81.3 93.2 76.7 87.9 57.7 66.1
Slovenian 87.2 69.4 79.6 37.9 43.4 23.8 27.3 87.2 80.9 92.7 75.1 86.1 54.3 62.3 87.2 81.4 93.4 77.0 88.3 59.1 67.8
Greek 87.2 72.9 83.6 48.4 55.5 25.1 28.8 87.2 83.0 95.2 79.3 91.0 61.4 70.4 87.2 84.1 96.4 81.7 93.6 61.6 70.6
Latvian 86.7 66.1 76.3 41.3 47.7 25.1 29.0 86.7 80.2 92.6 75.8 87.4 53.7 61.9 86.7 80.9 93.3 75.7 87.3 57.8 66.7
Ukrainian 86.7 73.3 84.6 45.1 52.1 25.1 29.0 86.7 83.0 95.8 78.4 90.5 62.1 71.7 86.7 83.0 95.8 80.1 92.4 68.0 78.5
Lithuanian 86.2 62.9 72.9 39.9 46.3 24.0 27.8 86.2 79.2 91.9 74.0 85.8 57.1 66.2 86.2 79.7 92.4 74.3 86.2 58.1 67.4
Malay 86.1 70.6 81.9 51.4 59.7 23.1 26.8 86.1 83.1 96.5 79.3 92.1 65.3 75.9 86.1 82.4 95.7 80.4 93.4 67.6 78.5
Filipino 84.8 68.7 81.0 42.3 49.9 23.8 28.0 84.8 80.2 94.6 74.8 88.2 53.0 62.5 84.8 80.3 94.8 74.6 87.9 56.0 66.1
Hebrew 84.1 64.6 76.8 38.4 45.7 25.0 29.7 84.1 80.9 96.2 74.3 88.4 59.2 70.4 84.1 81.2 96.6 75.1 89.3 61.7 73.3
Thai 83.7 74.3 88.8 47.9 57.2 26.1 31.2 83.7 81.7 97.6 77.7 92.8 65.8 78.6 83.7 80.6 96.3 77.6 92.7 68.3 81.7
Estonian 82.2 64.4 78.4 40.3 49.1 24.1 29.3 82.2 74.2 90.3 68.6 83.4 50.7 61.6 82.2 73.9 89.9 68.2 83.0 53.3 64.9
Bengali 79.8 61.0 76.5 37.1 46.5 25.7 32.2 79.8 74.4 93.3 68.1 85.4 49.9 62.5 79.8 73.6 92.2 67.3 84.4 51.4 64.5
Cebuano 79.2 56.2 71.0 40.4 51.1 24.2 30.6 79.2 71.4 90.2 62.2 78.5 41.8 52.7 79.2 71.7 90.5 63.3 79.9 46.7 58.9
Uzbek 78.2 61.4 78.6 38.7 49.4 26.9 34.4 78.2 68.6 87.6 64.3 82.2 49.2 62.9 78.2 69.3 88.6 62.2 79.5 45.2 57.8
Urdu 78.0 62.2 79.8 37.3 47.9 25.8 33.0 78.0 73.0 93.6 67.0 85.9 47.6 61.0 78.0 73.4 94.2 66.2 84.9 48.9 62.7
Tamil 75.1 56.1 74.7 34.8 46.3 23.7 31.5 75.1 67.6 89.9 63.7 84.8 45.8 60.9 75.1 67.4 89.8 62.6 83.3 45.3 60.4
Georgian 74.6 56.4 75.7 33.4 44.9 25.6 34.3 74.6 69.0 92.5 59.4 79.7 37.2 49.9 74.6 68.1 91.4 59.8 80.2 41.7 55.9
Kazakh 72.6 54.9 75.7 33.9 46.7 26.6 36.6 72.6 63.9 88.1 60.4 83.3 43.3 59.7 72.6 63.1 87.0 62.3 85.9 46.4 64.0

Table 24: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3 on Belebele under top-k
reduction, global α, and token α. Per-language mean within tier. Qwen3 is restricted to its 73 supported languages.
Part 1: tiers T5–T3.
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Qwen3 – Belebele

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T2 68.0 49.2 72.3 32.8 48.7 25.1 37.3 68.0 58.8 86.2 52.5 76.8 38.0 55.9 68.0 57.8 84.8 51.7 75.7 39.4 57.8
Icelandic 77.7 59.1 76.1 35.2 45.4 25.7 33.0 77.7 70.1 90.3 62.3 80.3 43.2 55.7 77.7 68.3 88.0 58.9 75.8 46.1 59.4
Marathi 77.2 56.2 72.8 33.9 43.9 26.8 34.7 77.2 68.9 89.2 62.6 81.0 44.2 57.3 77.2 66.8 86.5 61.8 80.0 46.6 60.3
Punjabi 73.3 49.6 67.6 33.2 45.3 24.2 33.0 73.3 64.7 88.2 61.7 84.1 41.6 56.7 73.3 62.1 84.7 57.2 78.0 43.0 58.6
Lao 65.7 48.2 73.4 28.9 44.0 23.4 35.7 65.7 55.7 84.8 49.1 74.8 34.8 53.0 65.7 55.8 84.9 51.0 77.7 35.2 53.6
Maltese 64.0 46.6 72.7 33.0 51.6 24.1 37.7 64.0 55.2 86.3 46.9 73.3 37.0 57.8 64.0 54.2 84.7 48.1 75.2 35.1 54.9
Swahili 59.1 42.6 72.0 33.2 56.2 28.1 47.6 59.1 49.0 82.9 43.6 73.7 30.1 50.9 59.1 48.6 82.1 43.9 74.2 33.3 56.4
Haitian Creole 59.0 42.2 71.6 32.3 54.8 23.1 39.2 59.0 48.3 81.9 41.7 70.6 35.4 60.1 59.0 48.6 82.3 40.7 68.9 36.3 61.6

T1 74.1 54.5 73.4 35.4 47.8 24.8 33.8 74.1 66.3 89.2 60.3 81.1 42.7 57.3 74.1 65.6 88.3 60.1 80.8 43.8 58.8
Norwegian 88.0 73.0 83.0 43.3 49.2 24.8 28.2 88.0 84.3 95.8 80.1 91.0 63.6 72.2 88.0 84.3 95.8 80.7 91.7 66.1 75.1
Albanian 83.3 64.2 77.1 43.0 51.6 22.7 27.2 83.3 77.4 92.9 71.2 85.5 53.7 64.4 83.3 76.3 91.6 71.1 85.3 54.8 65.7
Macedonian 82.9 64.0 77.2 40.0 48.3 24.2 29.2 82.9 79.0 95.3 73.2 88.3 56.0 67.6 82.9 78.6 94.8 73.9 89.1 58.2 70.2
Armenian 79.1 57.2 72.3 37.1 46.9 24.0 30.3 79.1 72.1 91.2 63.8 80.6 43.3 54.8 79.1 70.8 89.5 64.7 81.7 44.1 55.8
Javanese 77.1 54.6 70.7 37.4 48.6 25.8 33.4 77.1 70.8 91.8 63.4 82.3 44.9 58.2 77.1 72.0 93.4 62.3 80.8 42.0 54.5
Malayalam 77.1 54.4 70.6 37.1 48.1 25.6 33.1 77.1 66.8 86.6 62.1 80.5 45.3 58.8 77.1 65.9 85.4 62.7 81.3 44.4 57.6
Kannada 75.6 51.2 67.8 31.8 42.1 23.2 30.7 75.6 66.1 87.5 62.4 82.6 38.6 51.0 75.6 63.9 84.6 62.2 82.4 41.6 55.0
Azerbaijani 75.0 55.0 73.3 35.2 47.0 24.6 32.7 75.0 68.4 91.3 61.2 81.6 42.1 56.1 75.0 68.7 91.6 61.6 82.1 42.9 57.2
Gujarati 74.3 54.4 73.2 37.1 49.9 23.7 31.8 74.3 65.7 88.3 62.6 84.2 42.8 57.5 74.3 64.7 87.0 61.9 83.3 45.0 60.5
Oriya 73.3 49.7 67.7 32.1 43.8 25.3 34.5 73.3 60.8 82.9 55.0 75.0 37.6 51.2 73.3 59.1 80.6 55.0 75.0 40.6 55.3
Nepali 73.1 55.8 76.3 34.4 47.1 27.6 37.7 73.1 66.4 90.9 58.4 79.9 39.6 54.1 73.1 64.7 88.4 57.8 79.0 42.3 57.9
Khmer 71.8 54.8 76.3 33.8 47.1 23.3 32.5 71.8 64.8 90.2 56.6 78.8 40.3 56.2 71.8 64.1 89.3 57.1 79.6 41.9 58.4
Sundanese 71.3 52.0 72.9 36.6 51.2 23.8 33.3 71.3 63.3 88.8 55.6 77.9 37.9 53.1 71.3 64.3 90.2 53.9 75.5 40.6 56.9
Telugu 70.2 51.6 73.4 31.2 44.5 26.2 37.3 70.2 62.3 88.8 57.8 82.3 36.6 52.1 70.2 60.0 85.4 58.1 82.8 37.8 53.8
Assamese 69.4 49.8 71.7 33.0 47.5 26.8 38.6 69.4 60.1 86.6 54.7 78.7 37.1 53.4 69.4 60.7 87.4 51.3 73.9 37.6 54.1
Sinhala 64.9 46.0 70.9 29.7 45.7 24.0 37.0 64.9 53.3 82.2 49.2 75.9 33.3 51.4 64.9 54.4 83.9 49.3 76.0 35.4 54.6
Tajik 63.6 45.9 72.2 32.8 51.6 25.9 40.7 63.6 53.4 84.1 48.2 75.9 37.6 59.1 63.6 52.2 82.2 46.4 73.1 36.0 56.6
Burmese 63.2 46.6 73.6 31.3 49.6 25.0 39.5 63.2 57.6 91.0 50.1 79.3 38.1 60.3 63.2 55.7 88.0 51.4 81.4 37.1 58.7

Avg 80.8 64.2 78.9 42.2 51.9 24.9 31.2 80.8 75.0 92.5 70.3 86.5 54.4 66.5 80.8 74.7 92.1 70.4 86.6 56.6 69.2

Table 25: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3 on Belebele under top-k
reduction, global α, and token α. Per-language mean within tier. Qwen3 is restricted to its 73 supported languages.
Part 2: tiers T2–T1 and overall mean.

54325



Qwen3.5 – Belebele

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 91.5 86.7 94.7 78.0 85.3 51.8 56.6 91.5 91.4 99.9 90.9 99.4 89.1 97.4 91.5 91.4 100.0 91.1 99.6 88.8 97.1
English 95.4 93.0 97.4 85.9 90.0 62.4 65.4 95.4 95.3 99.9 95.1 99.7 94.6 99.1 95.4 95.3 99.9 94.8 99.3 94.1 98.6
French 92.1 88.4 96.0 81.3 88.3 50.8 55.1 92.1 92.2 100.1 92.3 100.2 90.2 97.9 92.1 92.7 100.6 92.8 100.7 90.3 98.1
Spanish 91.9 87.0 94.7 76.1 82.8 48.9 53.2 91.9 91.2 99.3 91.4 99.5 89.6 97.5 91.9 91.8 99.9 90.3 98.3 89.0 96.9
German 91.8 86.9 94.7 77.8 84.7 50.0 54.5 91.8 91.8 100.0 91.0 99.2 89.0 97.0 91.8 92.2 100.5 91.8 100.0 89.6 97.6
Chinese (S.) 91.7 89.1 97.2 79.1 86.3 54.4 59.4 91.7 91.7 100.0 90.7 98.9 90.0 98.2 91.7 91.6 99.9 91.6 99.9 90.2 98.4
Arabic 89.8 78.6 87.5 70.1 78.1 47.4 52.8 89.8 90.1 100.4 89.4 99.6 85.6 95.3 89.8 88.6 98.6 89.6 99.8 84.7 94.3
Japanese 87.6 83.8 95.7 75.8 86.5 48.7 55.6 87.6 87.6 100.0 86.3 98.6 84.9 97.0 87.6 87.9 100.4 86.9 99.2 84.0 95.9

T4 89.7 85.1 94.9 75.8 84.5 45.6 50.8 89.7 89.2 99.4 88.3 98.4 85.3 95.1 89.7 89.1 99.3 88.6 98.7 85.5 95.3
Portuguese 92.6 87.0 94.0 78.2 84.5 47.6 51.4 92.6 91.7 99.0 92.2 99.6 89.9 97.1 92.6 91.6 98.9 92.0 99.4 89.3 96.5
Russian 92.3 88.1 95.4 80.3 87.0 50.9 55.1 92.3 90.8 98.3 90.6 98.1 88.3 95.7 92.3 91.3 98.9 90.6 98.1 89.0 96.4
Swedish 91.3 84.7 92.7 79.2 86.7 45.4 49.8 91.3 89.8 98.3 90.2 98.8 88.0 96.4 91.3 90.4 99.0 89.3 97.8 87.1 95.4
Czech 91.0 86.0 94.5 80.3 88.3 46.6 51.2 91.0 90.6 99.5 89.9 98.8 87.1 95.7 91.0 90.0 98.9 89.7 98.5 86.9 95.5
Italian 90.9 87.4 96.2 78.9 86.8 51.7 56.8 90.9 90.8 99.9 90.3 99.4 86.9 95.6 90.9 90.4 99.5 89.6 98.5 87.8 96.6
Catalan 90.7 86.9 95.8 76.3 84.2 46.2 51.0 90.7 90.7 100.0 88.4 97.5 83.4 92.0 90.7 90.2 99.5 89.8 99.0 86.7 95.6
Serbian 90.6 87.3 96.4 72.8 80.4 43.0 47.5 90.6 89.9 99.3 88.6 97.8 84.8 93.6 90.6 88.9 98.2 88.6 97.8 85.1 94.0
Hungarian 90.2 84.1 93.2 71.0 78.7 40.0 44.3 90.2 89.3 99.0 88.6 98.2 85.2 94.5 90.2 90.1 99.9 88.8 98.4 85.1 94.3
Vietnamese 90.1 85.9 95.3 76.1 84.5 52.2 58.0 90.1 89.9 99.8 89.2 99.0 87.2 96.8 90.1 89.6 99.4 90.4 100.4 87.6 97.2
Dutch 90.0 85.2 94.7 77.4 86.0 45.4 50.5 90.0 90.2 100.2 88.3 98.1 85.9 95.4 90.0 89.9 99.9 88.6 98.4 85.7 95.2
Finnish 89.9 86.0 95.7 76.2 84.8 42.2 47.0 89.9 90.6 100.7 89.2 99.3 85.1 94.7 89.9 90.1 100.2 89.9 100.0 85.0 94.6
Korean 89.7 86.8 96.8 78.2 87.2 51.6 57.5 89.7 90.3 100.7 88.9 99.1 86.6 96.5 89.7 89.7 100.0 88.7 98.9 85.8 95.7
Persian 89.1 85.3 95.8 75.7 84.9 43.8 49.1 89.1 88.3 99.1 87.2 97.9 86.4 97.0 89.1 88.6 99.4 88.1 98.9 85.8 96.3
Polish 89.0 84.4 94.9 75.9 85.3 45.7 51.3 89.0 88.2 99.1 86.9 97.6 85.6 96.1 89.0 88.4 99.4 87.4 98.3 84.7 95.1
Turkish 88.8 82.9 93.4 73.8 83.1 44.7 50.3 88.8 87.8 98.9 87.1 98.1 83.4 94.0 88.8 87.6 98.6 86.3 97.2 83.9 94.5
Croatian 87.9 85.1 96.8 77.2 87.9 45.2 51.5 87.9 89.6 101.9 89.6 101.9 87.9 100.0 87.9 89.1 101.4 90.0 102.4 88.2 100.4
Basque 87.7 81.2 92.6 68.7 78.3 37.4 42.7 87.7 86.3 98.5 83.7 95.4 78.2 89.2 87.7 86.2 98.4 85.4 97.5 80.1 91.4
Hindi 83.3 77.6 93.1 68.7 82.4 40.8 48.9 83.3 81.3 97.6 80.4 96.5 76.2 91.5 83.3 81.4 97.7 80.9 97.1 75.8 90.9

T3 88.2 83.0 94.1 72.9 82.6 42.0 47.6 88.2 87.6 99.3 86.3 97.9 82.0 92.9 88.2 87.6 99.3 86.5 98.0 82.4 93.4
Afrikaans 92.0 85.9 93.4 76.2 82.9 39.0 42.4 92.0 91.3 99.3 90.9 98.8 86.0 93.5 92.0 91.0 98.9 90.7 98.6 85.7 93.1
Danish 91.6 84.3 92.1 76.8 83.9 47.3 51.7 91.6 91.7 100.1 90.3 98.7 87.4 95.5 91.6 91.4 99.9 90.1 98.4 88.6 96.7
Slovak 90.9 85.8 94.4 76.3 84.0 43.3 47.7 90.9 89.7 98.7 89.1 98.0 85.3 93.9 90.9 89.0 97.9 89.1 98.0 85.8 94.4
Slovenian 90.4 86.0 95.1 74.0 81.8 43.0 47.5 90.4 90.0 99.5 89.3 98.8 84.4 93.4 90.4 89.9 99.4 88.1 97.4 83.4 92.3
Malay 90.4 86.9 96.1 75.6 83.5 45.7 50.5 90.4 90.4 100.0 89.0 98.4 86.0 95.1 90.4 90.6 100.1 89.3 98.8 86.9 96.1
Bulgarian 90.2 87.0 96.4 77.6 86.0 48.2 53.4 90.2 90.7 100.5 89.8 99.5 87.4 96.9 90.2 91.2 101.1 90.3 100.1 86.6 95.9
Latvian 90.2 84.3 93.5 74.9 83.0 38.4 42.6 90.2 89.4 99.1 88.4 98.0 83.3 92.4 90.2 89.1 98.8 88.2 97.8 83.9 93.0
Romanian 90.2 85.3 94.6 76.4 84.7 47.8 53.0 90.2 90.2 100.0 88.6 98.2 85.2 94.5 90.2 88.9 98.5 88.9 98.5 84.3 93.5
Indonesian 90.1 85.7 95.1 77.6 86.1 48.6 53.9 90.1 89.6 99.4 89.2 99.0 87.6 97.2 90.1 90.2 100.1 89.0 98.8 87.3 96.9
Ukrainian 90.1 88.0 97.7 77.1 85.6 45.3 50.3 90.1 89.9 99.8 88.8 98.5 85.0 94.3 90.1 89.9 99.8 89.4 99.3 85.9 95.3
Greek 89.8 85.4 95.2 76.9 85.6 44.7 49.8 89.8 90.0 100.2 87.6 97.5 82.1 91.5 89.8 89.6 99.8 89.1 99.3 84.3 93.9
Filipino 89.7 83.4 93.1 71.9 80.2 40.8 45.5 89.7 88.8 99.0 87.0 97.0 82.7 92.2 89.7 88.1 98.3 87.7 97.8 82.4 91.9
Lithuanian 89.0 85.4 96.0 73.8 82.9 40.8 45.8 89.0 90.3 101.5 89.3 100.4 85.0 95.5 89.0 89.7 100.7 89.0 100.0 84.4 94.9
Estonian 88.9 82.7 93.0 70.4 79.2 34.8 39.1 88.9 88.7 99.8 87.9 98.9 81.1 91.3 88.9 88.2 99.2 87.7 98.6 81.8 92.0
Uzbek 88.2 80.1 90.8 69.0 78.2 39.0 44.2 88.2 86.2 97.7 85.1 96.5 79.6 90.2 88.2 87.2 98.9 84.2 95.5 78.4 88.9
Hebrew 86.8 82.6 95.1 74.4 85.8 42.0 48.4 86.8 86.9 100.1 85.8 98.8 83.8 96.5 86.8 87.2 100.5 86.2 99.4 83.7 96.4
Georgian 86.3 80.1 92.8 66.8 77.3 35.6 41.2 86.3 85.6 99.1 83.6 96.8 76.8 88.9 86.3 85.2 98.7 82.9 96.0 78.6 91.0
Thai 85.4 82.6 96.6 78.0 91.3 50.8 59.4 85.4 84.8 99.2 83.6 97.8 81.0 94.8 85.4 84.9 99.3 83.3 97.5 81.6 95.4
Bengali 84.9 78.7 92.7 69.2 81.5 40.7 47.9 84.9 83.4 98.3 81.8 96.3 75.8 89.3 84.9 84.4 99.5 82.7 97.4 78.6 92.5
Urdu 84.8 77.7 91.6 62.3 73.5 33.7 39.7 84.8 82.6 97.4 82.9 97.8 78.4 92.5 84.8 83.8 98.8 82.7 97.5 78.2 92.3
Kazakh 84.2 77.8 92.3 67.3 79.9 38.6 45.8 84.2 82.2 97.6 80.2 95.3 75.6 89.7 84.2 82.4 97.9 80.6 95.6 76.2 90.5
Cebuano 82.0 76.2 93.0 66.2 80.8 36.8 44.9 82.0 81.2 99.1 78.0 95.1 73.2 89.3 82.0 80.4 98.1 79.1 96.5 73.7 89.8
Tamil 82.0 76.8 93.6 67.4 82.2 40.8 49.7 82.0 80.3 98.0 79.8 97.3 72.7 88.6 82.0 81.3 99.2 80.4 98.1 74.8 91.2

Table 26: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3.5 on Belebele under top-k
reduction, global α, and token α. Per-language mean within tier. Part 1: tiers T5–T3.
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Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T2 73.6 65.9 89.1 54.1 73.0 31.7 43.7 73.6 71.9 97.4 69.3 93.6 62.4 84.1 73.6 72.1 97.6 70.0 94.8 63.6 85.7
Maltese 87.9 80.7 91.8 68.6 78.0 35.2 40.1 87.9 85.7 97.5 83.4 94.9 75.1 85.5 87.9 86.3 98.2 84.0 95.6 78.2 89.0
Swahili 87.0 78.2 89.9 67.1 77.1 37.7 43.3 87.0 84.0 96.6 82.7 95.0 76.2 87.6 87.0 84.8 97.4 82.8 95.1 77.9 89.5
Icelandic 85.8 82.4 96.1 69.8 81.3 34.6 40.3 85.8 86.4 100.8 84.8 98.8 79.4 92.6 85.8 86.6 100.9 85.8 100.0 80.9 94.3
Marathi 84.6 79.3 93.8 70.3 83.2 37.8 44.7 84.6 84.2 99.6 81.4 96.3 77.3 91.5 84.6 83.7 98.9 81.4 96.3 76.8 90.8
Punjabi 83.0 77.0 92.8 67.2 81.0 36.3 43.8 83.0 83.1 100.1 81.4 98.1 76.4 92.1 83.0 82.9 99.9 81.7 98.4 76.7 92.4
Haitian Creole 81.8 76.9 94.0 59.8 73.1 32.8 40.1 81.8 80.7 98.6 79.3 97.0 68.2 83.4 81.8 81.8 100.0 78.9 96.5 70.7 86.4
Lao 76.8 68.2 88.9 53.3 69.5 33.1 43.1 76.8 75.0 97.7 73.2 95.4 64.9 84.5 76.8 75.0 97.7 72.8 94.8 65.6 85.4
Amharic 76.2 65.1 85.4 52.3 68.7 30.7 40.2 76.2 76.2 100.0 70.7 92.7 62.2 81.6 76.2 74.8 98.1 72.6 95.2 65.2 85.6
Xhosa 71.3 63.8 89.4 48.8 68.4 29.6 41.4 71.3 69.3 97.2 65.1 91.3 59.1 82.9 71.3 69.1 96.9 66.0 92.5 58.6 82.1
Hausa 69.4 58.2 83.8 46.6 67.0 28.6 41.1 69.4 67.7 97.4 63.1 90.9 55.2 79.5 69.4 66.4 95.7 64.6 93.0 57.3 82.6
Tigrinya 68.3 60.1 88.0 45.0 65.9 28.7 42.0 68.3 65.9 96.4 63.2 92.5 53.2 77.9 68.3 66.2 96.9 64.1 93.8 56.1 82.1
Zulu 68.2 59.9 87.8 48.0 70.4 30.7 45.0 68.2 66.1 96.9 65.0 95.3 58.3 85.5 68.2 66.8 97.9 64.7 94.8 59.7 87.5
Tswana 63.4 54.2 85.5 42.0 66.2 27.1 42.7 63.4 61.2 96.5 56.7 89.3 51.7 81.4 63.4 62.1 97.9 59.2 93.3 53.4 84.2
Yoruba 56.0 46.9 83.7 37.0 66.1 28.9 51.6 56.0 53.1 94.8 51.3 91.7 43.9 78.4 56.0 53.2 95.0 51.9 92.7 43.8 78.2
Wolof 44.3 38.0 85.7 35.2 79.4 24.7 55.6 44.3 40.1 90.5 37.9 85.5 34.3 77.4 44.3 41.2 93.0 39.8 89.7 33.8 76.2

T1 73.4 66.1 89.6 54.9 74.2 32.4 44.9 73.4 71.4 97.1 68.9 93.2 62.7 84.5 73.4 71.7 97.4 69.8 94.7 63.8 86.2
Norwegian 91.2 84.2 92.3 72.9 79.9 43.3 47.5 91.2 90.7 99.4 89.7 98.3 85.4 93.7 91.2 90.4 99.1 89.1 97.7 86.7 95.0
Albanian 89.4 82.1 91.8 71.2 79.6 39.1 43.7 89.4 88.7 99.1 87.2 97.5 81.3 90.9 89.4 88.2 98.6 86.7 96.9 82.3 92.0
Macedonian 89.2 84.0 94.1 72.8 81.6 41.0 46.0 89.2 88.6 99.3 87.8 98.4 83.4 93.5 89.2 88.1 98.8 88.0 98.6 85.0 95.3
Kyrgyz 86.2 77.2 89.6 66.7 77.3 36.1 41.9 86.2 83.8 97.2 82.2 95.4 76.7 88.9 86.2 84.2 97.7 83.1 96.4 77.9 90.3
Armenian 85.9 79.3 92.4 66.2 77.1 37.2 43.3 85.9 85.4 99.5 84.4 98.3 80.3 93.5 85.9 85.9 100.0 84.6 98.4 79.3 92.4
Oriya 85.4 78.4 91.8 65.0 76.1 36.7 42.9 85.4 83.3 97.5 81.7 95.6 75.1 87.9 85.4 83.3 97.5 81.6 95.4 74.7 87.4
Malayalam 84.7 81.0 95.7 69.8 82.4 38.9 45.9 84.7 84.4 99.7 83.0 98.0 77.7 91.7 84.7 84.8 100.1 83.1 98.2 80.0 94.5
Kannada 84.1 77.1 91.7 64.1 76.2 37.9 45.0 84.1 82.1 97.6 80.9 96.2 73.1 86.9 84.1 82.9 98.5 81.2 96.6 75.4 89.7
Sinhala 83.7 77.7 92.8 68.7 82.1 37.0 44.2 83.7 82.1 98.1 80.6 96.3 76.0 90.8 83.7 83.6 99.9 80.9 96.7 78.6 93.9
Tajik 83.1 75.8 91.2 64.3 77.4 35.6 42.8 83.1 81.1 97.6 79.6 95.7 72.0 86.6 83.1 81.0 97.5 79.7 95.9 74.1 89.2
Javanese 82.8 77.7 93.8 60.7 73.3 35.7 43.1 82.8 82.7 99.9 80.9 97.7 73.7 89.0 82.8 83.0 100.3 81.1 98.0 75.9 91.7
Assamese 82.7 76.2 92.2 61.7 74.6 30.6 37.0 82.7 80.9 97.8 78.4 94.9 74.1 89.7 82.7 81.1 98.1 79.7 96.4 75.7 91.5
Nepali 82.6 77.8 94.2 66.9 81.0 38.3 46.4 82.6 82.0 99.3 80.4 97.4 75.3 91.3 82.6 82.9 100.4 81.4 98.7 74.1 89.8
Azerbaijani 82.0 75.9 92.5 63.3 77.2 34.8 42.4 82.0 79.9 97.4 77.2 94.2 69.2 84.4 82.0 79.3 96.7 78.2 95.4 69.3 84.6
Sundanese 82.0 72.9 88.9 58.1 70.9 31.2 38.1 82.0 78.3 95.5 77.2 94.2 72.4 88.3 82.0 80.2 97.8 77.7 94.7 72.7 88.6
Kurdish 81.9 73.1 89.3 57.8 70.6 30.2 36.9 81.9 79.3 96.9 75.9 92.7 68.6 83.7 81.9 79.3 96.9 77.4 94.6 68.2 83.3
Gujarati 81.9 74.3 90.8 63.8 77.9 38.6 47.1 81.9 80.7 98.5 78.3 95.7 70.2 85.8 81.9 80.9 98.8 78.7 96.1 70.8 86.4
Burmese 81.8 74.1 90.6 66.2 81.0 36.0 44.0 81.8 80.3 98.2 78.8 96.3 74.0 90.5 81.8 79.8 97.6 80.8 98.8 73.6 89.9
Telugu 80.7 73.0 90.5 62.2 77.1 37.9 47.0 80.7 77.9 96.6 76.2 94.5 70.0 86.8 80.7 78.8 97.7 76.7 95.0 72.4 89.8
Khmer 80.2 74.8 93.2 64.0 79.8 34.8 43.4 80.2 78.8 98.2 78.3 97.6 73.4 91.6 80.2 79.7 99.3 79.0 98.5 75.4 94.0
Pashto 79.0 72.1 91.3 60.7 76.8 31.4 39.8 79.0 77.4 98.0 73.9 93.5 67.8 85.8 79.0 77.8 98.5 74.3 94.1 66.8 84.5
Mongolian 78.2 71.8 91.8 58.1 74.3 30.6 39.1 78.2 77.7 99.3 75.9 97.0 67.2 85.9 78.2 76.2 97.4 75.6 96.6 69.2 88.5
Malagasy 77.3 67.7 87.5 53.8 69.5 29.0 37.5 77.3 73.8 95.4 68.3 88.4 62.4 80.7 77.3 74.1 95.8 71.8 92.8 64.8 83.8
Kinyarwanda 69.6 62.3 89.6 52.6 75.6 28.0 40.3 69.6 67.6 97.1 65.7 94.4 57.8 83.1 69.6 66.9 96.2 67.8 97.4 59.1 85.0
Southern Sotho 68.7 59.4 86.6 46.6 67.8 27.2 39.6 68.7 67.2 97.9 62.0 90.3 56.0 81.6 68.7 68.3 99.5 63.9 93.0 56.0 81.6
Shona 67.9 59.4 87.6 48.1 70.9 26.0 38.3 67.9 65.3 96.2 62.1 91.5 53.8 79.2 67.9 65.8 96.9 63.8 93.9 55.2 81.3
Somali 66.0 56.8 86.0 40.2 60.9 26.4 40.1 66.0 64.4 97.6 59.9 90.7 50.0 75.8 66.0 64.0 97.0 61.3 92.9 49.3 74.7
Maori 65.6 58.1 88.6 47.1 71.9 30.1 45.9 65.6 63.1 96.3 58.4 89.2 51.6 78.6 65.6 63.4 96.8 60.3 92.0 52.9 80.7
Chichewa 58.4 50.4 86.3 36.7 62.7 28.4 48.7 58.4 56.0 95.8 48.9 83.7 43.1 73.8 58.4 54.6 93.3 54.0 92.4 46.3 79.3
Igbo 56.6 48.4 85.7 38.3 67.8 25.3 44.8 56.6 53.6 94.7 49.8 88.0 44.2 78.2 56.6 54.4 96.3 49.8 88.0 43.8 77.4
Swati 55.9 44.3 79.3 37.2 66.6 26.6 47.5 55.9 50.1 89.7 46.9 83.9 39.2 70.2 55.9 50.4 90.3 46.8 83.7 40.8 73.0
Guarani 53.6 46.3 86.5 36.2 67.6 28.1 52.5 53.6 51.4 96.1 47.9 89.4 42.2 78.8 53.6 51.7 96.5 49.7 92.7 43.6 81.3
Lingala 51.7 43.7 84.5 36.4 70.5 27.2 52.7 51.7 47.6 92.0 44.6 86.2 40.1 77.6 51.7 48.4 93.8 47.1 91.2 39.7 76.8
Oromo 51.6 45.2 87.7 35.0 67.9 25.9 50.2 51.6 47.6 92.2 45.7 88.6 38.1 73.9 51.6 49.6 96.1 47.2 91.6 42.4 82.3
Tibetan 47.8 39.3 82.3 35.7 74.7 25.9 54.2 47.8 44.6 93.3 42.6 89.1 37.3 78.1 47.8 45.4 95.1 43.0 90.0 38.2 80.0
Luganda 47.8 41.7 87.2 34.4 72.1 26.0 54.4 47.8 46.1 96.5 41.7 87.2 35.4 74.2 47.8 46.6 97.4 43.9 91.9 40.0 83.7
Bambara 37.4 32.1 85.8 28.1 75.1 25.8 68.8 37.4 38.0 101.5 35.1 93.8 31.6 84.3 37.4 36.2 96.7 34.2 91.4 31.7 84.6

Avg 81.0 74.8 91.8 64.3 78.6 38.2 47.2 81.0 79.8 98.3 78.0 95.7 73.0 89.2 81.0 79.9 98.4 78.5 96.5 73.7 90.2

Table 27: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3.5 on Belebele under top-k
reduction, global α, and token α. Per-language mean within tier. Part 2: tiers T2–T1 and overall mean.
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Gemma4 – Belebele

Standard Global α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 82.7 77.4 93.6 70.3 84.9 48.1 57.9 82.7 77.4 93.5 71.2 85.9 49.4 59.5
English 89.3 85.4 95.6 81.6 91.3 64.4 72.1 89.3 86.0 96.3 82.1 91.9 68.3 76.5
French 85.9 79.7 92.8 75.6 88.0 51.2 59.6 85.9 79.9 93.0 76.1 88.6 51.8 60.3
Chinese (S.) 83.1 77.2 92.9 68.1 82.0 44.9 54.0 83.1 77.4 93.2 68.1 82.0 43.4 52.3
German 82.9 77.4 93.4 70.9 85.5 46.6 56.2 82.9 78.2 94.4 72.4 87.4 48.1 58.0
Spanish 81.1 77.4 95.5 68.4 84.4 49.4 61.0 81.1 75.7 93.3 69.2 85.3 48.6 59.9
Arabic 80.3 74.1 92.3 62.7 78.0 36.4 45.4 80.3 72.9 90.7 64.1 79.8 40.4 50.3
Japanese 76.4 70.7 92.4 65.0 85.0 43.8 57.3 76.4 71.7 93.8 66.0 86.3 45.1 59.0

T4 80.7 74.6 92.5 68.0 84.2 44.1 54.6 80.7 75.0 92.9 68.8 85.3 46.6 57.7
Catalan 84.2 78.4 93.1 72.3 85.9 48.3 57.4 84.2 77.1 91.6 72.9 86.5 49.7 59.0
Italian 84.2 77.6 92.1 72.3 85.9 48.0 57.0 84.2 77.0 91.4 72.4 86.0 49.0 58.2
Czech 84.0 77.9 92.7 71.0 84.5 47.8 56.9 84.0 78.9 93.9 70.8 84.3 50.4 60.1
Dutch 83.8 76.8 91.6 72.1 86.1 47.0 56.1 83.8 75.6 90.2 70.0 83.6 52.0 62.1
Croatian 83.3 76.6 91.9 67.6 81.1 43.7 52.4 83.3 77.0 92.4 68.2 81.9 45.2 54.3
Swedish 83.1 78.0 93.9 72.1 86.8 46.4 55.9 83.1 78.0 93.9 71.9 86.5 50.1 60.3
Portuguese 82.9 78.8 95.0 71.3 86.1 49.1 59.2 82.9 80.1 96.6 73.6 88.7 52.9 63.8
Vietnamese 82.9 75.1 90.6 70.4 85.0 47.6 57.4 82.9 75.6 91.2 70.0 84.5 50.8 61.3
Serbian 81.8 73.8 90.2 66.9 81.8 43.8 53.5 81.8 74.2 90.8 68.3 83.6 44.6 54.5
Russian 81.4 77.1 94.7 72.1 88.5 49.8 61.1 81.4 77.1 94.7 70.9 87.0 49.7 61.0
Hungarian 80.6 74.3 92.3 68.7 85.2 40.9 50.8 80.6 75.2 93.4 70.0 86.9 41.9 52.0
Polish 80.3 73.0 90.9 68.2 84.9 41.6 51.7 80.3 75.6 94.1 69.4 86.4 44.8 55.7
Turkish 80.1 75.3 94.0 67.7 84.5 43.6 54.4 80.1 75.7 94.5 68.2 85.2 48.7 60.7
Finnish 79.9 74.4 93.2 66.1 82.8 41.6 52.0 79.9 74.8 93.6 69.4 86.9 44.9 56.2
Korean 77.4 71.4 92.3 64.7 83.5 42.2 54.5 77.4 70.9 91.5 64.8 83.6 44.4 57.4
Persian 76.7 71.3 93.0 64.1 83.6 39.6 51.6 76.7 70.2 91.6 65.6 85.5 40.2 52.5
Basque 73.2 66.0 90.1 57.4 78.5 36.1 49.3 73.2 68.4 93.5 61.2 83.6 37.7 51.4
Hindi 72.2 67.0 92.8 58.4 80.9 36.7 50.8 72.2 68.0 94.2 61.1 84.6 42.7 59.1

T3 78.2 71.5 91.4 64.1 81.9 40.4 51.6 78.2 71.9 92.0 65.2 83.3 43.2 55.2
Danish 83.3 77.7 93.2 71.3 85.6 47.2 56.7 83.3 78.9 94.7 72.2 86.7 50.0 60.0
Greek 82.7 78.9 95.4 72.0 87.1 46.1 55.8 82.7 78.3 94.8 73.0 88.3 53.2 64.4
Lithuanian 82.7 72.3 87.5 63.1 76.3 40.9 49.5 82.7 73.7 89.1 66.1 80.0 42.3 51.2
Romanian 82.7 76.6 92.6 70.2 84.9 45.2 54.7 82.7 75.2 91.0 71.7 86.7 47.4 57.4
Latvian 82.0 73.6 89.7 65.2 79.5 38.4 46.9 82.0 74.2 90.5 67.9 82.8 40.8 49.7
Bulgarian 81.8 75.3 92.1 67.9 83.0 43.7 53.4 81.8 76.6 93.6 68.7 84.0 46.8 57.2
Slovak 81.4 76.3 93.7 68.9 84.6 47.9 58.8 81.4 76.8 94.3 70.2 86.2 50.6 62.1
Ukrainian 81.4 74.2 91.1 66.2 81.3 41.7 51.2 81.4 76.0 93.3 67.7 83.1 45.4 55.8
Filipino 80.7 71.9 89.1 66.7 82.6 43.6 54.0 80.7 72.2 89.5 67.7 83.9 44.3 55.0
Afrikaans 80.4 74.6 92.7 67.0 83.3 39.6 49.2 80.4 74.2 92.3 66.4 82.6 42.7 53.0
Slovenian 80.3 75.2 93.6 68.2 84.9 43.1 53.7 80.3 74.7 92.9 70.1 87.3 45.9 57.1
Indonesian 80.1 75.7 94.5 68.6 85.6 45.6 56.9 80.1 74.9 93.5 69.2 86.4 48.0 59.9
Malay 79.9 73.2 91.7 65.0 81.4 41.9 52.4 79.9 72.8 91.1 65.2 81.6 43.7 54.7
Hebrew 79.0 72.4 91.7 64.6 81.7 39.6 50.1 79.0 71.1 90.0 64.8 82.0 42.7 54.0
Estonian 78.1 70.6 90.3 63.4 81.2 40.9 52.3 78.1 72.2 92.5 64.8 82.9 41.9 53.6
Uzbek 75.8 67.0 88.4 60.0 79.2 34.0 44.9 75.8 69.0 91.1 63.1 83.3 40.7 53.7
Georgian 74.7 67.4 90.3 58.9 78.9 33.8 45.2 74.7 67.7 90.6 61.2 82.0 35.6 47.6
Cebuano 74.2 65.2 87.9 57.4 77.4 38.1 51.3 74.2 64.7 87.1 57.1 76.9 38.8 52.2
Bengali 73.3 68.4 93.3 59.3 80.9 38.4 52.4 73.3 68.7 93.6 61.1 83.3 42.6 58.0
Tamil 72.0 65.7 91.2 59.4 82.6 37.4 52.0 72.0 66.1 91.8 58.8 81.6 38.8 53.9
Thai 71.7 67.8 94.6 59.7 83.3 39.1 54.6 71.7 68.7 95.8 60.4 84.3 36.2 50.5
Urdu 71.6 63.0 88.0 56.0 78.3 32.3 45.2 71.6 63.7 89.0 55.0 76.9 38.6 53.9
Kazakh 68.8 61.8 89.8 55.8 81.1 31.4 45.7 68.8 64.3 93.5 57.6 83.7 37.3 54.3

Table 28: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Gemma4 on Belebele under top-k
reduction and global α. Per-language mean within tier. Part 1: tiers T5–T3.
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Gemma4 – Belebele

Standard Global α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T2 61.2 53.2 86.9 46.6 76.1 30.6 51.4 61.2 54.2 88.6 47.6 78.1 32.1 53.4
Icelandic 76.7 68.7 89.6 63.0 82.2 38.7 50.4 76.7 68.3 89.1 62.7 81.7 41.4 54.1
Swahili 76.3 68.1 89.2 60.2 78.9 36.6 47.9 76.3 69.3 90.8 60.0 78.6 39.8 52.1
Maltese 75.9 66.6 87.7 55.7 73.4 35.2 46.4 75.9 66.6 87.7 58.7 77.3 38.8 51.1
Marathi 72.8 67.0 92.1 59.3 81.5 37.4 51.5 72.8 68.3 93.9 59.0 81.1 40.7 55.9
Punjabi 69.4 63.1 90.9 54.6 78.6 32.6 46.9 69.4 64.8 93.3 56.9 81.9 33.2 47.8
Haitian Creole 68.4 60.3 88.1 51.6 75.3 33.9 49.5 68.4 61.6 89.9 53.2 77.8 34.8 50.8
Lao 66.0 56.8 86.0 51.0 77.3 29.7 44.9 66.0 58.4 88.6 49.9 75.6 31.3 47.5
Amharic 65.0 54.3 83.6 48.6 74.7 29.4 45.3 65.0 56.7 87.2 47.6 73.2 32.6 50.1
Hausa 56.3 43.2 76.7 40.0 71.0 24.8 44.0 56.3 47.6 84.4 41.3 73.4 25.4 45.2
Tigrinya 55.0 46.9 85.3 40.2 73.1 24.7 44.8 55.0 47.3 86.1 43.0 78.2 25.7 46.7
Xhosa 54.7 45.2 82.7 38.4 70.3 27.8 50.8 54.7 47.7 87.2 41.9 76.6 27.9 51.0
Tswana 53.1 46.2 87.0 36.9 69.5 27.8 52.3 53.1 43.9 82.6 36.4 68.6 28.8 54.2
Zulu 51.8 44.6 86.1 40.2 77.7 26.4 51.1 51.8 43.8 84.5 37.4 72.3 27.8 53.6
Yoruba 44.6 38.2 85.8 33.7 75.6 26.9 60.3 44.6 38.0 85.3 36.6 82.0 28.4 63.8
Wolof 31.6 29.2 92.6 26.0 82.4 26.7 84.5 31.6 31.0 98.2 29.6 93.7 24.6 77.8

T1 62.1 54.9 88.2 48.1 77.4 31.5 51.6 62.1 55.3 89.0 48.7 78.2 32.4 52.9
Norwegian 80.2 75.0 93.5 67.4 84.1 44.8 55.8 80.2 75.2 93.8 70.7 88.1 49.4 61.6
Albanian 79.1 72.8 92.0 64.7 81.7 38.1 48.2 79.1 72.1 91.2 65.2 82.4 39.9 50.4
Macedonian 79.1 72.7 91.9 65.7 83.0 39.4 49.9 79.1 71.7 90.6 67.0 84.7 44.2 55.9
Armenian 76.2 68.7 90.1 58.2 76.4 34.8 45.6 76.2 68.7 90.1 58.2 76.4 37.6 49.3
Malayalam 75.3 64.0 85.0 58.0 77.0 36.3 48.2 75.3 66.7 88.5 56.8 75.4 39.3 52.2
Azerbaijani 72.0 65.6 91.0 57.0 79.2 37.8 52.5 72.0 67.3 93.5 58.0 80.6 36.3 50.5
Javanese 71.7 60.0 83.7 51.8 72.2 32.6 45.4 71.7 61.1 85.3 51.8 72.2 32.0 44.7
Gujarati 71.6 61.9 86.5 56.9 79.5 35.7 49.8 71.6 62.2 87.0 57.8 80.7 35.1 49.1
Sinhala 71.4 64.9 90.8 55.3 77.4 34.1 47.7 71.4 64.0 89.6 59.4 83.2 35.6 49.8
Tajik 71.4 62.4 87.4 51.7 72.3 33.8 47.3 71.4 63.1 88.3 55.3 77.4 35.0 49.0
Kannada 71.0 65.2 91.9 56.8 80.0 35.0 49.3 71.0 64.2 90.5 56.6 79.7 39.0 54.9
Telugu 69.8 64.2 92.0 56.0 80.3 34.1 48.9 69.8 63.9 91.6 57.6 82.5 35.3 50.6
Kyrgyz 69.6 62.1 89.3 56.8 81.6 35.3 50.8 69.6 63.0 90.6 55.8 80.2 33.3 47.9
Khmer 69.1 60.2 87.1 54.4 78.8 30.7 44.4 69.1 62.2 90.0 55.2 79.9 34.3 49.7
Nepali 69.1 62.9 91.0 55.2 79.9 35.1 50.8 69.1 62.6 90.5 56.1 81.2 37.6 54.3
Kurdish 68.9 58.1 84.4 48.6 70.5 31.4 45.6 68.9 59.1 85.8 49.3 71.6 30.0 43.5
Mongolian 67.2 56.6 84.1 49.6 73.7 33.7 50.1 67.2 58.3 86.8 51.6 76.7 34.7 51.6
Assamese 66.9 61.4 91.9 52.3 78.2 29.8 44.5 66.9 61.9 92.5 54.6 81.6 35.7 53.3
Sundanese 66.7 58.7 88.0 46.9 70.3 28.6 42.8 66.7 57.4 86.2 49.3 74.0 30.1 45.2
Oriya 66.6 59.0 88.6 49.3 74.1 29.9 44.9 66.6 61.2 92.0 51.2 77.0 32.1 48.2
Burmese 65.6 58.3 89.0 50.9 77.6 28.2 43.1 65.6 58.7 89.5 52.0 79.3 29.1 44.4
Malagasy 65.3 55.9 85.5 50.1 76.7 33.0 50.5 65.3 57.8 88.4 50.8 77.7 32.0 49.0
Pashto 64.9 55.0 84.8 45.9 70.7 33.2 51.2 64.9 54.3 83.7 45.8 70.5 31.1 47.9
Somali 57.4 48.2 83.9 43.4 75.6 29.9 52.0 57.4 49.6 86.3 44.8 77.9 30.7 53.4
Shona 56.6 49.6 87.6 43.7 77.2 27.2 48.1 56.6 49.3 87.2 42.9 75.8 28.9 51.1
Kinyarwanda 56.2 49.9 88.7 40.7 72.3 26.3 46.8 56.2 47.9 85.2 41.2 73.3 26.6 47.2
Southern Sotho 54.3 46.3 85.3 37.8 69.5 26.9 49.5 54.3 46.0 84.7 40.3 74.2 29.1 53.6
Chichewa 49.2 41.9 85.1 37.6 76.3 25.6 51.9 49.2 41.2 83.7 33.6 68.2 27.6 56.0
Guarani 48.3 41.8 86.4 38.1 78.9 27.8 57.5 48.3 42.0 86.9 38.3 79.3 27.1 56.1
Maori 48.1 39.6 82.2 37.3 77.6 27.9 58.0 48.1 39.9 82.9 33.4 69.5 26.8 55.7
Swati 47.2 42.4 89.9 36.4 77.2 28.2 59.8 47.2 42.7 90.4 37.2 78.8 26.9 56.9
Igbo 45.7 39.6 86.6 34.6 75.7 24.8 54.3 45.7 39.2 85.9 31.3 68.6 26.8 58.6
Oromo 44.8 42.9 95.8 40.6 90.6 29.9 66.7 44.8 44.1 98.5 38.4 85.9 26.7 59.6
Lingala 42.0 38.8 92.3 34.3 81.7 26.4 63.0 42.0 37.8 89.9 35.1 83.6 27.4 65.3
Tibetan 41.4 36.0 86.9 32.4 78.3 25.9 62.5 41.4 37.2 89.8 31.3 75.6 24.7 59.5
Luganda 41.0 36.6 89.2 31.7 77.2 27.3 66.7 41.0 39.2 95.7 33.9 82.7 24.4 59.6
Bambara 37.8 32.2 85.3 30.6 80.9 24.8 65.6 37.8 33.6 88.8 33.1 87.6 27.0 71.5

Avg 70.5 63.6 89.9 56.7 80.0 36.8 52.5 70.5 64.1 90.6 57.5 81.2 38.6 54.8

Table 29: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Gemma4 on Belebele under top-k
reduction and global α. Per-language mean within tier. Part 2: tiers T2–T1 and overall mean.
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N Detailed Results: GlobalMMLU
Qwen3 – GlobalMMLU

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 70.4 62.9 89.4 50.5 71.7 27.0 38.4 70.4 67.4 95.7 64.2 91.1 54.6 77.3 70.4 67.5 95.9 64.1 91.1 53.5 75.8
English 77.0 69.4 90.1 58.2 75.6 30.2 39.1 77.0 74.1 96.2 71.4 92.6 64.7 84.0 77.0 74.5 96.7 71.4 92.7 65.2 84.6
Chinese (S.) 72.4 64.7 89.3 54.5 75.3 30.8 42.5 72.4 69.1 95.4 66.4 91.7 58.9 81.3 72.4 69.2 95.6 66.3 91.7 55.9 77.3
French 71.6 63.0 88.0 48.1 67.3 25.8 36.0 71.6 68.7 96.0 65.6 91.7 53.6 74.9 71.6 68.4 95.6 65.3 91.3 52.9 74.0
German 69.4 63.5 91.5 50.4 72.7 25.1 36.1 69.4 67.0 96.6 63.6 91.7 53.9 77.7 69.4 67.3 97.0 63.7 91.8 52.7 76.0
Japanese 67.7 60.7 89.6 48.9 72.1 25.6 37.7 67.7 64.4 95.0 60.8 89.7 50.7 74.8 67.7 64.5 95.2 60.7 89.6 47.8 70.6
Arabic 64.0 56.4 88.0 43.0 67.1 24.7 38.6 64.0 60.9 95.1 57.2 89.3 45.6 71.2 64.0 61.1 95.4 57.2 89.4 46.3 72.2

T4 67.6 56.9 84.2 42.6 62.9 25.1 37.2 67.6 62.5 92.6 58.5 86.5 45.9 67.7 67.6 62.2 92.1 58.1 85.9 44.2 65.2
Russian 73.1 62.7 85.8 47.9 65.6 25.1 34.3 73.1 66.5 91.0 63.0 86.3 51.3 70.1 73.1 66.4 90.8 62.8 85.9 50.4 69.0
Portuguese 71.6 63.1 88.1 47.3 66.1 24.6 34.3 71.6 67.9 94.8 64.5 90.1 53.4 74.6 71.6 67.5 94.2 64.7 90.3 50.2 70.0
Swedish 71.1 59.5 83.6 44.3 62.3 25.4 35.8 71.1 64.4 90.5 60.7 85.3 47.6 66.9 71.1 63.7 89.6 60.0 84.4 46.4 65.3
Czech 70.7 57.9 81.8 42.9 60.7 24.6 34.8 70.7 63.3 89.5 59.7 84.4 46.5 65.8 70.7 63.3 89.5 59.5 84.1 45.3 64.1
Vietnamese 69.4 58.3 83.9 44.0 63.4 25.3 36.4 69.4 62.5 90.1 59.4 85.6 47.5 68.4 69.4 62.7 90.4 59.2 85.3 45.5 65.6
Dutch 68.9 60.5 87.7 46.3 67.2 25.6 37.2 68.9 65.3 94.8 62.4 90.5 49.5 71.8 68.9 65.3 94.7 61.4 89.0 47.7 69.2
Korean 66.5 58.6 88.0 45.7 68.7 25.4 38.2 66.5 63.0 94.7 59.6 89.6 48.8 73.3 66.5 62.8 94.4 59.1 88.9 47.2 70.9
Polish 65.7 57.5 87.5 42.0 63.9 25.3 38.5 65.7 62.2 94.7 58.7 89.3 45.0 68.5 65.7 62.3 94.8 58.2 88.6 43.6 66.3
Persian 63.9 43.2 67.7 32.1 50.2 24.2 38.0 63.9 56.1 87.8 49.7 77.8 37.1 58.1 63.9 55.3 86.5 49.4 77.4 35.6 55.7
Serbian 63.6 54.0 84.9 38.7 60.9 25.5 40.2 63.6 60.0 94.3 54.4 85.6 41.5 65.2 63.6 59.3 93.2 54.3 85.4 39.1 61.4
Hindi 59.2 51.3 86.6 37.3 63.1 24.8 41.9 59.2 56.8 95.9 51.5 87.1 36.6 61.8 59.2 56.0 94.6 50.4 85.1 35.3 59.6

T3 65.2 53.9 82.6 39.1 59.9 25.0 38.5 65.2 60.0 92.0 55.1 84.4 41.6 63.6 65.2 59.6 91.5 54.9 84.1 40.0 61.3
Romanian 71.8 59.7 83.1 44.0 61.2 24.8 34.6 71.8 64.3 89.5 60.4 84.1 46.4 64.6 71.8 64.2 89.3 60.4 84.0 43.8 61.0
Ukrainian 70.1 57.7 82.4 41.3 58.9 24.9 35.5 70.1 62.7 89.5 57.6 82.2 45.2 64.5 70.1 62.4 89.1 57.4 81.9 42.3 60.3
Indonesian 69.4 59.5 85.8 43.6 62.9 25.6 36.8 69.4 66.2 95.3 61.1 88.1 45.7 65.9 69.4 66.0 95.1 60.9 87.7 44.0 63.4
Greek 67.8 55.9 82.4 40.6 59.8 24.9 36.6 67.8 60.1 88.7 56.3 83.1 42.8 63.1 67.8 60.4 89.0 56.2 82.9 42.7 62.9
Filipino 65.3 56.1 85.9 40.3 61.8 25.4 38.8 65.3 61.3 93.9 56.5 86.5 44.2 67.8 65.3 61.0 93.5 56.7 86.9 40.8 62.5
Malay 65.1 54.8 84.2 39.3 60.3 25.6 39.2 65.1 62.3 95.6 55.8 85.7 40.6 62.4 65.1 62.1 95.3 55.3 84.9 39.3 60.4
Lithuanian 59.6 48.9 82.0 34.8 58.4 24.5 41.1 59.6 55.5 93.1 50.7 85.1 38.7 64.9 59.6 54.9 92.1 50.9 85.4 38.6 64.7
Hebrew 59.5 45.7 76.8 33.3 56.1 24.3 40.9 59.5 53.5 90.1 49.3 83.0 37.4 62.9 59.5 53.4 89.8 49.6 83.4 37.8 63.6
Bengali 58.2 46.9 80.6 34.9 59.9 24.8 42.5 58.2 53.7 92.2 47.7 81.9 33.0 56.7 58.2 52.6 90.3 46.7 80.1 31.0 53.3

T2 40.5 36.0 88.9 29.4 72.6 24.4 60.2 40.5 38.3 94.7 35.5 87.7 29.4 72.5 40.5 38.0 93.9 35.6 87.9 28.3 69.7
Swahili 40.5 36.0 88.9 29.4 72.6 24.4 60.2 40.5 38.3 94.7 35.5 87.7 29.4 72.5 40.5 38.0 93.9 35.6 87.9 28.3 69.7

T1 53.7 42.3 78.8 31.9 59.6 24.3 45.8 53.7 47.4 88.4 43.2 80.5 31.6 59.3 53.7 46.8 87.2 42.3 78.9 30.0 56.2
Nepali 59.0 46.5 78.7 34.8 58.9 24.8 42.0 59.0 51.4 87.2 46.6 79.0 34.0 57.7 59.0 50.9 86.3 46.0 77.9 32.7 55.5
Telugu 56.7 44.9 79.2 32.2 56.8 24.0 42.4 56.7 50.6 89.2 46.0 81.1 31.2 55.1 56.7 50.2 88.5 45.0 79.5 29.0 51.2
Sinhala 45.4 35.6 78.5 28.6 63.1 24.1 53.2 45.4 40.3 88.8 36.9 81.4 29.5 65.1 45.4 39.3 86.7 36.0 79.3 28.1 62.0

Avg 65.1 55.1 84.4 41.6 63.8 25.3 39.5 65.1 60.4 92.7 56.3 86.2 44.3 67.7 65.1 60.2 92.2 56.0 85.8 42.8 65.4

Table 30: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3 on GlobalMMLU under
top-k reduction, global α, and token α. Per-language mean within tier. Qwen3 is restricted to its 73 supported
languages.
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Qwen3.5 – GlobalMMLU

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 78.2 74.2 94.9 69.0 88.3 52.0 66.4 78.2 76.6 98.0 75.0 95.9 71.3 91.2 78.2 76.5 97.8 75.1 96.0 70.8 90.5
English 83.1 79.9 96.2 76.6 92.2 64.6 77.8 83.1 82.2 99.0 81.0 97.5 78.6 94.6 83.1 81.9 98.6 81.2 97.7 78.3 94.3
French 78.8 75.1 95.4 69.0 87.6 47.8 60.7 78.8 77.3 98.1 76.1 96.6 72.3 91.8 78.8 77.3 98.2 76.3 96.8 71.9 91.4
German 78.4 73.2 93.4 68.3 87.1 53.6 68.3 78.4 76.5 97.5 74.3 94.8 69.9 89.1 78.4 76.2 97.2 74.3 94.7 69.7 88.8
Chinese (S.) 77.6 74.0 95.3 69.3 89.3 54.3 70.0 77.6 76.4 98.5 75.1 96.8 72.6 93.6 77.6 76.0 98.0 74.8 96.4 71.8 92.5
Japanese 76.2 72.3 94.9 66.1 86.7 49.9 65.5 76.2 74.4 97.6 72.6 95.2 68.1 89.3 76.2 74.5 97.8 72.9 95.6 67.2 88.2
Arabic 75.0 70.5 94.0 65.0 86.7 41.9 55.9 75.0 72.7 97.1 70.9 94.6 66.4 88.6 75.0 72.9 97.3 71.1 94.8 65.8 87.8

T4 75.9 70.7 93.1 64.1 84.5 44.0 57.9 75.9 73.8 97.2 72.0 94.9 66.9 88.2 75.9 74.0 97.5 72.2 95.2 66.3 87.3
Dutch 78.0 71.9 92.1 65.6 84.1 48.4 62.0 78.0 76.2 97.7 74.2 95.1 70.2 89.9 78.0 76.6 98.1 74.5 95.5 70.2 90.0
Portuguese 78.0 67.8 87.0 62.3 79.9 45.8 58.7 78.0 75.0 96.2 74.5 95.5 71.0 91.0 78.0 76.8 98.5 75.7 97.1 71.2 91.3
Russian 77.9 73.7 94.5 67.4 86.5 46.9 60.1 77.9 76.1 97.6 74.1 95.1 69.7 89.4 77.9 76.2 97.7 74.5 95.6 69.0 88.5
Swedish 77.7 73.6 94.6 66.3 85.2 43.5 56.0 77.7 75.8 97.5 73.2 94.2 66.2 85.2 77.7 75.7 97.3 73.0 93.9 65.4 84.2
Czech 76.6 71.5 93.3 63.7 83.2 44.0 57.5 76.6 74.3 97.0 72.9 95.2 66.8 87.2 76.6 74.9 97.8 73.0 95.4 65.2 85.1
Polish 76.5 72.5 94.7 66.5 86.9 48.8 63.8 76.5 75.0 97.9 72.8 95.2 67.0 87.5 76.5 74.7 97.7 72.5 94.7 65.2 85.1
Vietnamese 75.6 71.7 94.8 66.1 87.4 46.5 61.5 75.6 73.7 97.5 71.9 95.1 66.2 87.6 75.6 74.0 97.8 71.8 95.0 66.4 87.8
Serbian 75.5 70.8 93.8 64.0 84.8 39.7 52.6 75.5 73.1 96.9 71.0 94.0 64.9 86.0 75.5 73.1 96.9 71.5 94.8 63.6 84.2
Korean 75.1 71.3 94.9 65.7 87.4 45.8 61.0 75.1 73.2 97.4 71.7 95.4 68.0 90.6 75.1 73.5 97.8 72.2 96.1 67.2 89.4
Persian 72.2 67.3 93.2 59.8 82.9 37.2 51.5 72.2 69.7 96.6 68.0 94.2 63.0 87.2 72.2 69.5 96.2 68.0 94.2 62.6 86.7
Hindi 71.3 65.3 91.5 58.0 81.3 37.1 52.0 71.3 69.2 97.0 67.7 94.9 63.0 88.4 71.3 69.2 97.0 67.8 95.1 62.9 88.2

T3 74.5 69.5 93.4 62.4 83.7 41.9 56.1 74.5 72.4 97.2 70.3 94.4 65.0 87.2 74.5 72.4 97.3 70.4 94.5 64.5 86.6
Romanian 78.4 74.4 94.9 68.5 87.4 49.9 63.7 78.4 76.7 97.8 74.9 95.6 69.5 88.7 78.4 76.5 97.6 74.6 95.2 68.7 87.6
Indonesian 77.4 73.6 95.1 68.1 87.9 50.5 65.2 77.4 75.6 97.6 73.7 95.1 69.9 90.3 77.4 75.6 97.6 74.1 95.7 69.7 90.0
Ukrainian 76.5 70.7 92.4 64.0 83.6 41.1 53.7 76.5 74.4 97.2 71.9 94.0 65.7 85.9 76.5 74.6 97.4 72.1 94.2 65.7 85.8
Greek 75.9 68.6 90.4 59.9 79.0 37.6 49.5 75.9 73.3 96.6 71.5 94.3 66.1 87.1 75.9 73.6 97.1 71.8 94.6 66.4 87.5
Malay 75.5 71.7 95.0 65.1 86.2 44.2 58.5 75.5 73.3 97.1 71.1 94.1 65.7 87.0 75.5 73.5 97.3 71.3 94.4 66.0 87.5
Filipino 73.4 68.9 93.8 61.8 84.2 43.5 59.3 73.4 71.2 96.9 69.1 94.2 63.9 87.1 73.4 71.1 96.8 69.3 94.4 64.8 88.3
Lithuanian 71.9 67.4 93.7 60.6 84.2 38.4 53.4 71.9 70.0 97.3 67.6 94.0 62.1 86.3 71.9 69.9 97.1 67.5 93.8 60.4 84.0
Hebrew 70.9 66.8 94.2 58.8 82.9 37.5 52.9 70.9 69.3 97.7 67.3 94.9 61.3 86.4 70.9 69.2 97.5 66.4 93.6 59.0 83.2
Bengali 70.3 63.7 90.7 54.8 78.0 34.2 48.6 70.3 68.1 96.9 65.8 93.7 60.6 86.3 70.3 68.1 96.9 66.3 94.3 60.2 85.6

T2 57.6 51.5 89.5 44.6 77.4 30.4 52.8 57.6 54.8 95.2 52.2 90.6 46.6 81.0 57.6 54.8 95.3 52.8 91.8 47.1 81.8
Swahili 64.2 59.5 92.6 52.9 82.5 34.2 53.3 64.2 61.4 95.6 59.3 92.3 52.9 82.4 64.2 61.5 95.7 59.7 93.0 53.1 82.7
Amharic 58.6 51.2 87.4 44.1 75.3 29.4 50.1 58.6 55.5 94.7 52.8 90.1 47.1 80.4 58.6 55.8 95.1 53.2 90.7 47.6 81.2
Hausa 55.2 48.4 87.7 41.0 74.4 28.8 52.1 55.2 52.1 94.4 48.8 88.4 43.7 79.2 55.2 52.1 94.4 49.9 90.5 44.0 79.7
Yoruba 52.2 47.1 90.2 40.4 77.5 29.1 55.7 52.2 50.0 95.9 47.8 91.6 42.8 82.0 52.2 50.0 95.8 48.5 93.0 43.7 83.8

T1 61.5 55.7 90.4 48.0 77.9 31.8 51.8 61.5 58.8 95.5 56.3 91.4 50.4 81.7 61.5 58.9 95.6 56.7 92.0 50.7 82.4
Nepali 69.2 61.5 88.9 53.7 77.6 34.1 49.3 69.2 66.3 95.8 63.5 91.7 57.0 82.4 69.2 66.3 95.8 63.8 92.3 57.2 82.7
Telugu 68.8 63.4 92.1 54.9 79.8 35.0 50.8 68.8 66.4 96.6 64.3 93.6 58.2 84.7 68.8 66.2 96.3 64.2 93.4 57.9 84.2
Kyrgyz 65.7 59.4 90.4 50.9 77.4 32.3 49.2 65.7 63.1 96.0 61.0 92.8 55.1 83.9 65.7 63.2 96.2 60.8 92.5 53.3 81.1
Sinhala 65.4 59.5 91.0 50.0 76.4 32.1 49.1 65.4 62.7 95.8 60.1 91.8 54.9 84.0 65.4 62.7 95.8 61.1 93.4 55.5 84.8
Igbo 58.7 53.5 91.2 46.3 79.0 30.4 51.8 58.7 56.1 95.5 53.7 91.5 46.9 79.9 58.7 56.3 96.0 54.8 93.3 48.2 82.1
Somali 57.3 51.3 89.4 43.3 75.5 30.1 52.5 57.3 54.1 94.4 51.7 90.2 45.3 79.0 57.3 54.3 94.8 51.8 90.5 45.8 79.9
Shona 57.3 51.0 88.9 43.8 76.4 31.0 54.1 57.3 53.7 93.8 50.9 88.9 45.5 79.4 57.3 54.2 94.6 51.9 90.5 46.9 81.8
Malagasy 57.1 51.9 90.9 45.3 79.4 30.7 53.7 57.1 54.6 95.6 52.4 91.7 46.5 81.4 57.1 54.5 95.4 52.8 92.4 47.5 83.1
Chichewa 54.3 49.4 90.9 43.5 80.0 30.2 55.6 54.3 52.0 95.7 49.1 90.3 43.9 80.9 54.3 52.1 95.8 49.0 90.2 44.4 81.7

Avg 70.7 65.5 92.5 58.8 82.7 40.5 56.9 70.7 68.5 96.7 66.4 93.7 61.2 86.2 70.7 68.6 96.8 66.7 94.1 61.0 85.9

Table 31: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3.5 on GlobalMMLU under
top-k reduction, global α, and token α. Per-language mean within tier.
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Gemma4 – GlobalMMLU

Standard Global α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 67.2 62.6 93.1 57.4 85.4 43.5 64.5 67.2 62.8 93.5 57.9 86.2 45.5 67.6
English 73.1 69.7 95.3 65.6 89.7 54.5 74.5 73.1 69.7 95.4 65.3 89.3 55.3 75.7
French 68.6 64.1 93.5 58.4 85.2 44.0 64.1 68.6 64.5 94.1 59.2 86.3 46.2 67.4
German 67.5 62.4 92.5 57.8 85.7 42.9 63.5 67.5 62.8 93.0 58.3 86.4 44.7 66.3
Chinese (S.) 65.9 60.7 92.1 55.8 84.6 42.0 63.6 65.9 61.4 93.1 56.5 85.7 44.0 66.7
Japanese 64.9 60.8 93.7 55.8 86.0 40.7 62.7 64.9 60.6 93.4 56.3 86.8 43.5 67.1
Arabic 62.8 57.7 91.8 51.2 81.5 36.9 58.8 62.8 58.0 92.3 51.9 82.6 39.1 62.2

T4 65.0 60.3 92.7 54.7 84.0 39.9 61.3 65.0 60.5 93.0 55.3 85.0 41.9 64.4
Portuguese 67.7 63.3 93.5 56.7 83.7 42.3 62.4 67.7 63.7 94.0 57.4 84.7 44.2 65.3
Dutch 67.2 63.3 94.3 58.0 86.3 43.0 64.0 67.2 63.1 94.0 58.6 87.3 44.3 65.9
Swedish 67.0 62.2 92.8 56.0 83.6 40.4 60.3 67.0 62.3 93.0 56.7 84.6 42.9 64.1
Russian 67.0 62.7 93.6 57.3 85.5 42.3 63.2 67.0 62.7 93.6 57.6 86.1 44.5 66.5
Czech 66.0 61.1 92.5 55.8 84.4 40.2 60.9 66.0 61.3 92.9 56.1 84.9 42.7 64.6
Polish 65.1 60.7 93.3 55.6 85.4 40.5 62.2 65.1 60.8 93.4 55.6 85.4 42.3 65.0
Korean 64.6 60.1 92.9 55.0 85.1 41.6 64.4 64.6 59.8 92.6 55.9 86.4 42.7 66.1
Serbian 64.0 58.3 91.1 52.4 82.0 37.3 58.3 64.0 59.1 92.3 53.6 83.7 39.4 61.6
Vietnamese 63.9 59.4 92.9 53.6 83.9 39.5 61.8 63.9 59.4 92.9 54.4 85.0 41.3 64.5
Persian 61.9 56.5 91.3 50.5 81.6 35.4 57.2 61.9 56.6 91.5 51.3 82.9 37.3 60.2
Hindi 60.8 55.9 91.9 50.3 82.7 36.3 59.7 60.8 56.6 93.1 51.3 84.4 39.0 64.1

T3 63.7 58.9 92.4 53.5 83.9 38.6 60.5 63.7 59.2 92.8 54.0 84.7 40.6 63.6
Romanian 66.8 62.1 92.9 56.6 84.8 41.8 62.6 66.8 62.0 92.8 57.1 85.5 43.9 65.7
Ukrainian 65.5 60.6 92.6 55.4 84.5 39.7 60.6 65.5 60.6 92.6 55.8 85.1 41.9 64.0
Indonesian 65.1 60.5 93.0 55.1 84.7 41.4 63.6 65.1 60.9 93.6 55.9 85.9 43.4 66.7
Greek 64.9 60.3 92.9 54.7 84.2 37.7 58.1 64.9 60.5 93.2 55.5 85.5 40.2 61.9
Filipino 64.3 59.6 92.8 55.0 85.6 40.9 63.7 64.3 60.1 93.6 55.2 86.0 41.4 64.5
Malay 63.6 58.6 92.2 53.2 83.6 38.7 60.9 63.6 59.0 92.7 53.9 84.7 41.1 64.6
Hebrew 62.6 57.4 91.6 51.5 82.2 35.7 57.1 62.6 57.7 92.2 51.5 82.2 38.1 60.9
Lithuanian 62.2 57.0 91.6 50.7 81.4 35.4 56.9 62.2 57.2 92.0 51.0 82.0 37.3 60.0
Bengali 58.6 53.6 91.5 49.1 83.8 35.9 61.3 58.6 54.4 92.9 49.9 85.3 37.8 64.6

T2 49.9 45.2 90.6 40.0 80.2 29.8 60.1 49.9 45.7 91.7 40.7 81.5 31.4 63.2
Swahili 56.7 52.2 92.1 46.3 81.6 33.3 58.7 56.7 52.2 92.1 46.6 82.1 34.9 61.5
Amharic 52.9 48.1 90.9 42.3 79.9 30.3 57.3 52.9 48.2 91.1 43.3 81.8 32.7 61.7
Hausa 49.5 44.3 89.6 39.0 78.9 29.4 59.3 49.5 45.1 91.1 39.4 79.7 30.6 61.7
Yoruba 40.4 36.3 89.8 32.4 80.2 26.3 65.1 40.4 37.4 92.5 33.3 82.4 27.4 67.7

T1 53.4 48.6 90.9 43.3 80.9 31.9 59.7 53.4 48.9 91.4 44.0 82.3 33.3 62.3
Nepali 59.4 54.5 91.6 48.7 82.0 34.8 58.6 59.4 54.4 91.5 49.4 83.0 36.8 61.9
Telugu 57.5 52.2 90.7 47.2 82.1 34.2 59.4 57.5 53.2 92.4 48.4 84.1 35.9 62.4
Kyrgyz 56.5 52.3 92.6 46.2 81.8 32.1 56.9 56.5 52.5 92.8 46.2 81.7 34.7 61.4
Sinhala 55.8 50.1 89.9 45.1 80.9 32.9 59.1 55.8 50.8 91.0 45.7 82.0 34.4 61.6
Malagasy 53.6 47.9 89.3 41.9 78.2 31.8 59.4 53.6 48.6 90.7 43.8 81.7 32.4 60.4
Somali 50.6 46.0 90.8 40.3 79.6 30.1 59.5 50.6 46.0 90.9 41.3 81.5 30.8 60.9
Shona 50.5 45.7 90.4 40.7 80.6 30.8 60.9 50.5 45.9 90.9 41.3 81.7 31.9 63.2
Igbo 48.6 44.0 90.7 39.1 80.6 29.5 60.7 48.6 44.0 90.6 39.4 81.1 31.2 64.3
Chichewa 48.5 44.7 92.3 40.0 82.5 30.5 62.9 48.5 44.3 91.5 40.8 84.1 31.2 64.4

Avg 60.8 56.1 92.1 50.7 83.1 37.3 61.1 60.8 56.3 92.5 51.3 84.1 39.1 64.1

Table 32: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Gemma4 on GlobalMMLU under
top-k reduction and global α. Per-language mean within tier.
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O Detailed Results: XCOPA
Qwen3 – XCOPA

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 79.6 75.6 95.0 69.0 86.7 55.4 69.6 79.6 77.0 96.7 74.0 93.0 67.8 85.2 79.6 76.8 96.5 77.0 96.7 68.0 85.4
Chinese (S.) 79.6 75.6 95.0 69.0 86.7 55.4 69.6 79.6 77.0 96.7 74.0 93.0 67.8 85.2 79.6 76.8 96.5 77.0 96.7 68.0 85.4

T4 75.9 71.9 94.9 63.7 83.9 54.7 72.3 75.9 72.7 95.7 68.8 90.6 62.3 82.2 75.9 72.0 94.8 68.5 90.2 61.9 81.5
Italian 79.6 73.8 92.7 67.4 84.7 54.0 67.8 79.6 76.6 96.2 72.8 91.5 64.8 81.4 79.6 75.6 95.0 72.4 91.0 65.4 82.2
Vietnamese 78.6 73.4 93.4 65.6 83.5 55.2 70.2 78.6 74.6 94.9 71.2 90.6 63.6 80.9 78.6 75.0 95.4 70.4 89.6 64.2 81.7
Turkish 69.6 68.6 98.6 58.2 83.6 54.8 78.7 69.6 66.8 96.0 62.4 89.7 58.6 84.2 69.6 65.4 94.0 62.6 89.9 56.2 80.7

T3 66.2 62.6 94.8 58.1 87.8 54.2 82.9 66.2 62.8 95.0 60.8 91.8 56.8 85.8 66.2 63.4 95.7 61.1 92.3 56.7 85.7
Indonesian 77.4 72.0 93.0 67.0 86.6 52.6 68.0 77.4 73.0 94.3 71.6 92.5 65.8 85.0 77.4 74.2 95.9 71.8 92.8 66.0 85.3
Tamil 65.6 58.4 89.0 58.0 88.4 57.6 87.8 65.6 62.0 94.5 59.0 89.9 56.4 86.0 65.6 62.2 94.8 59.6 90.9 55.4 84.5
Thai 63.6 63.4 99.7 55.6 87.4 55.8 87.7 63.6 61.4 96.5 61.4 96.5 55.8 87.7 63.6 62.4 98.1 59.6 93.7 56.8 89.3
Estonian 58.0 56.6 97.6 51.6 89.0 51.0 87.9 58.0 54.8 94.5 51.2 88.3 49.0 84.5 58.0 54.6 94.1 53.2 91.7 48.6 83.8

T2 55.3 53.0 95.9 52.5 95.0 54.5 98.6 55.3 53.5 96.7 52.1 94.3 52.4 94.8 55.3 53.9 97.4 51.3 92.8 50.6 91.6
Haitian Creole 56.8 53.6 94.4 53.4 94.0 54.2 95.4 56.8 55.6 97.9 52.4 92.3 52.4 92.3 56.8 55.8 98.2 52.6 92.6 50.2 88.4
Swahili 53.8 52.4 97.4 51.6 95.9 54.8 101.9 53.8 51.4 95.5 51.8 96.3 52.4 97.4 53.8 52.0 96.7 50.0 92.9 51.0 94.8

T1 – – – – – – – – – – – – – – – – – – – – –

Avg 68.3 64.8 95.1 59.7 88.0 54.5 81.5 68.3 65.3 95.7 62.8 92.0 58.7 86.5 68.3 65.4 95.9 62.9 92.2 58.2 85.6

Table 33: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3 on XCOPA under top-k
reduction, global α, and token α. Per-language mean within tier. Qwen3 is restricted to its 73 supported languages.

Qwen3.5 – XCOPA

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 83.0 81.2 97.8 78.8 94.9 72.0 86.7 83.0 82.8 99.8 82.8 99.8 79.6 95.9 83.0 83.0 100.0 84.0 101.2 79.6 95.9
Chinese (S.) 83.0 81.2 97.8 78.8 94.9 72.0 86.7 83.0 82.8 99.8 82.8 99.8 79.6 95.9 83.0 83.0 100.0 84.0 101.2 79.6 95.9

T4 79.6 77.7 97.7 73.7 92.5 64.5 81.0 79.6 78.3 98.3 75.9 95.4 72.4 90.8 79.6 77.7 97.5 75.0 94.1 71.3 89.5
Vietnamese 83.2 81.2 97.6 78.4 94.2 67.8 81.5 83.2 82.0 98.6 79.2 95.2 79.6 95.7 83.2 80.8 97.1 80.0 96.2 77.4 93.0
Italian 82.0 79.8 97.3 75.6 92.2 64.8 79.0 82.0 82.0 100.0 78.4 95.6 73.6 89.8 82.0 81.8 99.8 78.0 95.1 73.6 89.8
Turkish 73.6 72.2 98.1 67.0 91.0 60.8 82.6 73.6 71.0 96.5 70.2 95.4 64.0 87.0 73.6 70.4 95.7 67.0 91.0 63.0 85.6

T3 72.0 70.2 97.5 66.2 92.0 59.8 83.1 72.0 70.6 98.1 69.5 96.5 66.4 92.2 72.0 69.8 96.9 69.0 95.9 65.8 91.3
Indonesian 80.6 79.6 98.8 76.4 94.8 69.0 85.6 80.6 78.8 97.8 78.0 96.8 76.4 94.8 80.6 78.4 97.3 77.6 96.3 74.8 92.8
Estonian 73.4 71.8 97.8 65.4 89.1 55.2 75.2 73.4 72.2 98.4 72.0 98.1 66.4 90.5 73.4 71.6 97.5 71.2 97.0 65.2 88.8
Tamil 68.6 65.0 94.8 61.8 90.1 59.4 86.6 68.6 67.6 98.5 65.2 95.0 61.6 89.8 68.6 66.8 97.4 64.6 94.2 61.2 89.2
Thai 65.4 64.4 98.5 61.4 93.9 55.6 85.0 65.4 63.8 97.6 62.8 96.0 61.2 93.6 65.4 62.4 95.4 62.8 96.0 61.8 94.5

T2 66.1 62.2 94.1 59.5 90.0 52.9 80.0 66.1 63.8 96.5 62.5 94.5 59.4 89.8 66.1 62.9 95.1 62.3 94.2 60.6 91.7
Haitian Creole 66.8 62.4 93.4 60.6 90.7 54.4 81.4 66.8 65.6 98.2 64.2 96.1 61.8 92.5 66.8 64.8 97.0 63.4 94.9 61.8 92.5
Swahili 65.4 62.0 94.8 58.4 89.3 51.4 78.6 65.4 62.0 94.8 60.8 93.0 57.0 87.2 65.4 61.0 93.3 61.2 93.6 59.4 90.8

T1 55.0 52.8 96.0 51.4 93.5 51.0 92.7 55.0 54.0 98.2 52.0 94.5 51.8 94.2 55.0 54.0 98.2 52.0 94.5 52.2 94.9
Guarani 55.0 52.8 96.0 51.4 93.5 51.0 92.7 55.0 54.0 98.2 52.0 94.5 51.8 94.2 55.0 54.0 98.2 52.0 94.5 52.2 94.9

Avg 72.5 70.2 96.8 66.8 92.2 60.1 83.2 72.5 71.1 98.0 69.6 96.0 66.6 91.9 72.5 70.5 97.1 69.3 95.5 66.4 91.6

Table 34: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3.5 on XCOPA under top-k
reduction, global α, and token α. Per-language mean within tier.
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Gemma4 – XCOPA

Standard Global α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 83.2 82.8 99.5 81.6 98.1 73.6 88.5 83.2 82.0 98.6 82.0 98.6 76.2 91.6
Chinese (S.) 83.2 82.8 99.5 81.6 98.1 73.6 88.5 83.2 82.0 98.6 82.0 98.6 76.2 91.6

T4 82.0 80.0 97.6 78.0 95.1 71.3 87.0 82.0 80.3 97.9 77.9 95.1 70.6 86.2
Italian 85.0 82.8 97.4 80.0 94.1 71.6 84.2 85.0 82.2 96.7 79.2 93.2 69.6 81.9
Vietnamese 84.2 81.0 96.2 80.4 95.5 74.4 88.4 84.2 83.2 98.8 79.8 94.8 74.4 88.4
Turkish 76.8 76.2 99.2 73.6 95.8 68.0 88.5 76.8 75.4 98.2 74.8 97.4 67.8 88.3

T3 76.2 74.2 97.5 72.4 95.1 66.3 86.8 76.2 74.5 97.8 72.8 95.5 67.0 88.0
Indonesian 82.8 79.2 95.7 76.6 92.5 74.8 90.3 82.8 80.2 96.9 78.8 95.2 74.4 89.9
Estonian 78.8 76.6 97.2 74.8 94.9 65.8 83.5 78.8 76.4 97.0 73.6 93.4 64.8 82.2
Thai 73.4 71.2 97.0 70.4 95.9 64.4 87.7 73.4 71.6 97.5 70.6 96.2 65.8 89.6
Tamil 70.0 70.0 100.0 67.8 96.9 60.0 85.7 70.0 69.8 99.7 68.0 97.1 63.2 90.3

T2 70.9 69.2 97.6 65.8 92.8 59.3 83.4 70.9 69.6 98.1 67.1 94.7 60.4 85.2
Swahili 75.4 73.6 97.6 69.8 92.6 65.2 86.5 75.4 74.4 98.7 70.4 93.4 64.2 85.1
Haitian Creole 66.4 64.8 97.6 61.8 93.1 53.4 80.4 66.4 64.8 97.6 63.8 96.1 56.6 85.2

T1 54.2 52.4 96.7 51.8 95.6 52.8 97.4 54.2 51.8 95.6 53.2 98.2 52.0 95.9
Guarani 54.2 52.4 96.7 51.8 95.6 52.8 97.4 54.2 51.8 95.6 53.2 98.2 52.0 95.9

Avg 75.5 73.7 97.6 71.7 95.0 65.8 87.4 75.5 73.8 97.7 72.2 95.8 66.3 88.0

Table 35: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Gemma4 on XCOPA under top-k
reduction and global α. Per-language mean within tier.

P Detailed Results: XStoryCloze

Qwen3 – XStoryCloze

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 71.1 67.1 94.3 62.0 87.2 52.2 73.5 71.1 68.2 95.8 66.3 93.2 61.4 86.2 71.1 68.6 96.5 66.0 92.8 60.5 84.9
English 79.4 75.5 95.1 69.8 87.8 58.3 73.4 79.4 76.6 96.4 74.7 94.1 70.4 88.6 79.4 77.4 97.5 74.3 93.6 70.3 88.5
Spanish 71.5 67.4 94.2 61.2 85.6 51.0 71.3 71.5 68.4 95.6 67.0 93.7 60.8 84.9 71.5 69.0 96.4 66.4 92.9 59.8 83.5
Chinese (S.) 70.9 65.4 92.2 60.2 84.9 50.4 71.0 70.9 68.3 96.3 65.9 92.9 61.2 86.3 70.9 68.0 95.8 65.5 92.4 60.4 85.1
Arabic 62.5 60.0 96.0 56.7 90.6 48.9 78.2 62.5 59.4 95.0 57.6 92.2 53.3 85.2 62.5 60.2 96.3 57.7 92.3 51.5 82.3

T4 63.6 62.3 98.1 57.8 91.3 49.9 79.1 63.6 62.3 97.9 60.1 94.6 56.1 88.5 63.6 62.6 98.4 60.5 95.2 55.8 88.0
Russian 70.5 68.2 96.6 61.6 87.3 50.9 72.1 70.5 68.9 97.7 66.9 94.8 60.9 86.3 70.5 69.4 98.3 67.0 94.9 60.7 86.0
Hindi 65.2 63.3 97.1 58.6 89.8 49.7 76.2 65.2 63.5 97.5 60.1 92.2 55.9 85.7 65.2 63.5 97.4 61.1 93.7 54.5 83.7
Basque 55.2 55.5 100.6 53.3 96.6 49.0 88.8 55.2 54.4 98.6 53.4 96.8 51.7 93.6 55.2 55.0 99.6 53.5 97.0 52.1 94.4

T3 69.5 65.7 94.6 63.3 91.1 49.0 70.5 69.5 67.3 96.9 64.9 93.3 59.6 85.8 69.5 67.3 96.9 64.8 93.2 57.6 83.0
Indonesian 69.5 65.7 94.6 63.3 91.1 49.0 70.5 69.5 67.3 96.9 64.9 93.3 59.6 85.8 69.5 67.3 96.9 64.8 93.2 57.6 83.0

T2 54.2 52.6 97.1 50.3 92.8 46.7 86.2 54.2 53.3 98.3 52.0 95.8 50.4 92.9 54.2 53.3 98.3 52.3 96.6 50.6 93.4
Swahili 54.2 52.6 97.1 50.3 92.8 46.7 86.2 54.2 53.3 98.3 52.0 95.8 50.4 92.9 54.2 53.3 98.3 52.3 96.6 50.6 93.4

T1 60.1 57.7 95.9 54.8 91.3 50.8 84.6 60.1 58.1 96.6 56.0 93.1 53.7 89.6 60.1 57.5 95.7 55.9 92.9 52.9 88.1
Telugu 63.1 61.9 98.1 57.2 90.7 52.5 83.3 63.1 62.5 99.2 59.5 94.3 55.5 88.0 63.1 61.9 98.2 59.4 94.1 55.1 87.4
Burmese 57.0 53.5 93.7 52.4 91.9 49.0 85.8 57.0 53.6 94.0 52.4 91.9 52.0 91.1 57.0 53.1 93.2 52.3 91.8 50.6 88.7

Avg 65.4 62.6 95.9 58.6 89.9 50.5 77.9 65.4 63.3 96.8 61.3 93.8 57.4 88.0 65.4 63.5 97.1 61.3 93.9 56.7 86.9

Table 36: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3 on XStoryCloze under top-k
reduction, global α, and token α. Per-language mean within tier. Qwen3 is restricted to its 73 supported languages.

54334



Qwen3.5 – XStoryCloze

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 73.2 70.2 95.9 67.0 91.5 59.5 81.3 73.2 71.8 98.1 70.8 96.6 67.8 92.5 73.2 71.6 97.8 70.7 96.5 68.0 92.8
English 79.6 77.2 97.0 73.9 92.9 67.2 84.4 79.6 79.2 99.4 78.6 98.8 76.4 95.9 79.6 79.0 99.3 78.6 98.7 77.1 96.8
Spanish 74.7 70.5 94.5 65.7 87.9 57.0 76.3 74.7 73.3 98.1 71.1 95.3 67.0 89.8 74.7 71.9 96.4 71.2 95.4 66.9 89.6
Arabic 69.6 67.2 96.6 64.6 92.8 54.7 78.6 69.6 67.4 96.8 66.4 95.3 62.5 89.8 69.6 67.5 97.0 66.2 95.2 63.0 90.5
Chinese (S.) 69.0 65.9 95.5 63.8 92.4 59.2 85.7 69.0 67.6 97.9 67.0 97.0 65.3 94.6 69.0 68.0 98.6 66.9 96.9 65.1 94.2

T4 69.4 67.2 96.9 63.4 91.5 56.1 81.0 69.4 68.0 98.0 66.6 96.0 63.2 91.2 69.4 68.0 98.0 65.8 94.9 63.5 91.6
Russian 75.2 72.5 96.3 68.2 90.7 58.7 78.0 75.2 73.9 98.2 72.5 96.4 67.0 89.1 75.2 73.8 98.1 70.9 94.3 67.7 90.0
Hindi 68.8 66.5 96.6 61.4 89.2 53.5 77.7 68.8 67.6 98.2 65.5 95.1 63.4 92.1 68.8 67.6 98.2 65.5 95.1 64.3 93.5
Basque 64.1 62.7 97.7 60.7 94.6 56.1 87.4 64.1 62.6 97.6 61.9 96.6 59.3 92.5 64.1 62.6 97.6 61.1 95.3 58.5 91.2

T3 72.1 70.2 97.2 66.1 91.7 58.6 81.2 72.1 71.5 99.2 69.8 96.7 66.9 92.8 72.1 71.4 99.0 69.4 96.1 65.8 91.2
Indonesian 72.1 70.2 97.2 66.1 91.7 58.6 81.2 72.1 71.5 99.2 69.8 96.7 66.9 92.8 72.1 71.4 99.0 69.4 96.1 65.8 91.2

T2 62.7 60.6 96.5 58.3 92.9 52.6 83.9 62.7 61.1 97.4 59.2 94.4 57.7 92.0 62.7 61.1 97.4 58.8 93.8 57.1 91.0
Swahili 62.7 60.6 96.5 58.3 92.9 52.6 83.9 62.7 61.1 97.4 59.2 94.4 57.7 92.0 62.7 61.1 97.4 58.8 93.8 57.1 91.0

T1 65.3 63.1 96.7 60.2 92.3 54.9 84.2 65.3 64.0 98.1 62.9 96.4 60.7 93.0 65.3 64.2 98.3 62.3 95.5 60.1 92.0
Telugu 68.7 66.6 96.9 62.8 91.4 57.0 82.9 68.7 67.8 98.7 66.3 96.5 64.3 93.5 68.7 68.0 98.9 65.7 95.6 63.6 92.6
Burmese 61.8 59.6 96.5 57.6 93.1 52.8 85.4 61.8 60.3 97.5 59.6 96.4 57.1 92.4 61.8 60.4 97.8 59.0 95.5 56.5 91.4

Avg 69.7 67.2 96.5 63.9 91.8 57.0 82.0 69.7 68.4 98.1 67.1 96.2 64.3 92.2 69.7 68.3 98.0 66.7 95.6 64.1 92.0

Table 37: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3.5 on XStoryCloze under
top-k reduction, global α, and token α. Per-language mean within tier.

Gemma4 – XStoryCloze

Standard Global α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 77.0 74.7 97.0 72.1 93.7 65.0 84.4 77.0 75.0 97.5 72.3 93.9 65.6 85.2
English 84.2 82.3 97.7 79.8 94.8 73.5 87.3 84.2 82.7 98.3 80.1 95.2 73.4 87.2
Spanish 78.9 76.1 96.5 73.1 92.7 66.6 84.4 78.9 76.0 96.4 73.5 93.1 66.8 84.7
Chinese (S.) 73.3 71.3 97.2 68.3 93.1 59.6 81.3 73.3 71.9 98.1 68.0 92.8 61.4 83.7
Arabic 71.5 69.2 96.8 67.2 94.0 60.4 84.5 71.5 69.4 97.1 67.4 94.4 61.0 85.3

T4 73.2 70.9 96.7 68.0 92.9 62.5 85.4 73.2 70.8 96.7 68.5 93.5 62.4 85.2
Russian 78.9 77.4 98.1 73.1 92.7 66.5 84.3 78.9 77.0 97.7 74.8 94.8 66.4 84.2
Hindi 70.8 67.8 95.7 67.0 94.6 61.8 87.3 70.8 68.9 97.3 66.8 94.3 62.4 88.1
Basque 70.0 67.5 96.4 63.9 91.3 59.2 84.5 70.0 66.6 95.1 63.9 91.3 58.3 83.3

T3 76.6 74.1 96.8 70.7 92.3 65.0 84.9 76.6 74.0 96.6 71.3 93.1 65.7 85.7
Indonesian 76.6 74.1 96.8 70.7 92.3 65.0 84.9 76.6 74.0 96.6 71.3 93.1 65.7 85.7

T2 71.0 67.2 94.7 66.2 93.3 59.4 83.6 71.0 67.7 95.3 66.6 93.8 61.2 86.2
Swahili 71.0 67.2 94.7 66.2 93.3 59.4 83.6 71.0 67.7 95.3 66.6 93.8 61.2 86.2

T1 67.7 65.6 96.9 63.0 93.1 57.8 85.3 67.7 65.9 97.4 62.8 92.8 58.4 86.3
Telugu 70.7 67.2 95.1 65.0 91.9 60.7 85.9 70.7 67.9 96.1 64.9 91.8 60.4 85.4
Burmese 64.7 63.9 98.7 61.0 94.3 54.9 84.8 64.7 63.9 98.8 60.8 93.9 56.5 87.2

Avg 73.7 71.3 96.7 68.7 93.2 62.5 84.8 73.7 71.5 97.0 68.9 93.5 63.0 85.5

Table 38: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Gemma4 on XStoryCloze under
top-k reduction and global α. Per-language mean within tier.
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Q Detailed Results: Translation

Qwen3 – Translation

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 63.6 60.2 94.5 50.9 79.9 12.4 19.5 63.6 62.7 98.5 61.4 96.4 56.7 89.0 63.6 62.6 98.3 61.2 96.1 56.6 88.8
French 68.1 66.2 97.2 59.7 87.6 16.7 24.5 68.1 67.7 99.4 67.2 98.7 63.3 93.0 68.1 67.9 99.7 66.9 98.2 64.0 93.9
German 68.1 65.1 95.6 56.3 82.6 12.5 18.3 68.1 67.5 99.1 66.8 98.0 61.8 90.7 68.1 67.3 98.8 66.5 97.7 61.3 90.0
Arabic 66.6 61.7 92.5 46.1 69.2 10.6 15.8 66.6 64.3 96.5 63.0 94.5 55.1 82.7 66.6 65.0 97.6 62.9 94.4 56.4 84.6
Spanish 61.5 58.9 95.8 52.9 86.0 13.4 21.8 61.5 60.9 99.0 58.9 95.8 56.7 92.3 61.5 60.2 98.0 59.1 96.2 56.0 91.2
Chinese (S.) 59.6 55.7 93.4 46.4 77.9 12.2 20.4 59.6 59.1 99.2 57.5 96.5 53.1 89.1 59.6 58.1 97.5 56.6 94.9 52.3 87.7
Japanese 57.9 53.5 92.3 44.2 76.3 9.4 16.2 57.9 56.6 97.7 54.9 94.7 49.9 86.1 57.9 56.9 98.1 55.1 95.2 49.5 85.5

T4 63.7 59.2 93.0 49.0 76.9 11.8 18.5 63.7 62.3 97.8 60.4 94.8 53.5 83.8 63.7 62.4 97.9 60.7 95.2 53.2 83.3
Portuguese 71.7 67.6 94.2 60.8 84.8 16.7 23.3 71.7 71.1 99.1 70.1 97.8 66.7 92.9 71.7 71.1 99.1 70.4 98.1 66.6 92.9
Catalan 71.0 66.4 93.5 56.2 79.1 13.0 18.3 71.0 69.4 97.6 67.9 95.6 62.8 88.3 71.0 69.8 98.3 68.1 95.9 62.2 87.5
Swedish 69.8 66.5 95.3 56.4 80.8 13.5 19.4 69.8 68.9 98.7 67.3 96.4 62.6 89.6 69.8 69.0 98.8 67.6 96.8 59.9 85.7
Serbian 67.6 63.0 93.2 52.4 77.5 11.0 16.3 67.6 66.2 98.0 64.8 95.9 54.4 80.5 67.6 66.3 98.1 64.8 95.9 58.2 86.1
Czech 65.8 62.9 95.7 52.5 79.8 11.5 17.4 65.8 64.3 97.8 63.5 96.5 56.5 85.9 65.8 64.6 98.2 63.7 96.9 58.9 89.6
Hindi 64.4 59.4 92.3 43.9 68.2 9.0 14.0 64.4 63.2 98.3 60.0 93.2 50.8 78.9 64.4 63.1 98.1 61.3 95.2 43.4 67.3
Croatian 64.2 59.6 92.9 48.5 75.6 10.6 16.5 64.2 63.1 98.4 61.3 95.5 55.1 85.8 64.2 63.3 98.7 61.0 95.1 53.7 83.7
Turkish 63.8 57.3 89.9 44.0 69.0 10.9 17.1 63.8 62.6 98.2 60.3 94.6 48.0 75.2 63.8 62.2 97.6 59.9 94.0 50.3 78.8
Hungarian 63.3 58.7 92.8 46.5 73.4 12.1 19.1 63.3 62.2 98.3 59.7 94.3 51.9 82.0 63.3 62.0 98.0 58.0 91.7 52.6 83.1
Italian 63.1 61.0 96.7 55.5 87.9 13.8 21.9 63.1 62.5 99.0 62.1 98.3 58.0 91.8 63.1 62.0 98.1 61.9 98.0 58.2 92.2
Vietnamese 63.0 58.9 93.4 50.0 79.3 10.1 16.0 63.0 61.3 97.2 59.9 95.1 54.4 86.3 63.0 61.7 97.9 60.2 95.4 56.2 89.1
Russian 63.0 60.8 96.5 51.6 82.0 10.7 17.0 63.0 62.0 98.4 61.0 96.9 56.4 89.5 63.0 62.3 98.9 61.5 97.6 55.8 88.6
Persian 62.1 55.4 89.1 42.8 68.9 10.7 17.2 62.1 60.0 96.5 57.2 92.0 46.8 75.2 62.1 60.4 97.3 57.8 93.0 45.8 73.7
Finnish 60.8 55.8 91.8 44.6 73.4 10.7 17.6 60.8 58.9 96.9 56.9 93.6 48.8 80.2 60.8 59.2 97.4 57.1 93.9 46.0 75.6
Korean 59.6 53.3 89.5 46.2 77.5 13.1 22.0 59.6 57.8 97.0 55.0 92.4 49.3 82.8 59.6 57.9 97.2 56.5 94.8 48.4 81.2
Dutch 59.1 55.9 94.5 47.2 79.7 12.5 21.2 59.1 58.4 98.8 57.1 96.6 54.1 91.5 59.1 58.5 99.0 57.8 97.8 55.0 93.0
Polish 58.5 56.5 96.5 48.1 82.3 11.7 19.9 58.5 57.6 98.4 55.9 95.5 51.8 88.4 58.5 57.1 97.6 56.6 96.7 52.0 88.8
Basque 54.9 47.4 86.4 35.5 64.6 10.1 18.4 54.9 51.5 94.0 47.3 86.2 35.2 64.2 54.9 52.0 94.7 48.1 87.7 34.1 62.1

T3 63.7 57.7 90.4 45.0 70.0 10.1 15.8 63.7 61.8 97.0 58.8 92.1 48.7 75.8 63.7 61.8 97.0 58.9 92.2 45.2 70.0
Afrikaans 75.7 70.0 92.4 57.9 76.4 12.4 16.4 75.7 74.3 98.1 71.5 94.4 64.0 84.5 75.7 74.3 98.2 71.9 94.9 61.0 80.6
Danish 71.9 68.1 94.7 56.2 78.1 12.1 16.8 71.9 70.2 97.6 69.6 96.8 62.5 87.0 71.9 70.1 97.5 69.5 96.7 61.8 85.9
Malay 69.3 64.2 92.6 55.3 79.7 11.8 17.1 69.3 68.0 98.1 65.1 93.9 57.3 82.6 69.3 68.1 98.3 65.6 94.6 58.0 83.7
Romanian 68.6 65.5 95.4 55.3 80.6 12.9 18.8 68.6 67.8 98.8 67.1 97.8 61.1 89.1 68.6 67.9 98.9 66.9 97.5 60.6 88.3
Hebrew 67.7 61.3 90.5 49.7 73.4 12.2 18.1 67.7 64.9 95.9 62.6 92.4 55.0 81.2 67.7 64.6 95.4 62.6 92.4 43.5 64.3
Indonesian 67.4 63.0 93.5 56.0 83.2 12.9 19.2 67.4 66.1 98.1 65.1 96.7 60.5 89.8 67.4 66.0 98.0 64.6 95.9 60.2 89.4
Bulgarian 67.2 63.7 94.8 52.7 78.5 9.3 13.8 67.2 66.5 99.0 64.7 96.4 55.7 82.9 67.2 66.1 98.4 64.8 96.6 57.5 85.6
Filipino 67.1 60.6 90.4 50.2 74.9 12.0 17.9 67.1 65.6 97.8 63.0 93.9 52.1 77.8 67.1 65.8 98.0 62.3 92.9 51.6 77.0
Slovak 65.2 61.1 93.8 50.5 77.5 12.4 19.1 65.2 64.6 99.1 62.3 95.6 55.4 85.0 65.2 64.5 98.9 62.8 96.4 54.5 83.7
Cebuano 64.7 59.8 92.3 42.9 66.3 11.8 18.2 64.7 62.9 97.2 58.1 89.8 46.5 71.8 64.7 63.1 97.5 58.6 90.5 48.9 75.5
Ukrainian 64.6 60.7 93.9 50.5 78.1 9.2 14.3 64.6 63.2 97.9 62.0 96.0 55.9 86.5 64.6 63.6 98.4 61.9 95.8 31.9 49.4
Latvian 63.5 57.3 90.3 45.7 72.0 11.3 17.7 63.5 62.3 98.1 59.1 93.1 49.0 77.2 63.5 62.8 99.0 59.1 93.1 48.5 76.4
Greek 62.0 58.5 94.3 44.2 71.3 7.8 12.6 62.0 60.9 98.2 58.6 94.5 49.8 80.3 62.0 60.5 97.5 58.2 93.9 45.3 73.1
Slovenian 61.9 57.5 92.8 46.9 75.7 12.6 20.3 61.9 60.3 97.4 58.3 94.1 50.0 80.7 61.9 60.1 97.0 58.0 93.6 50.2 81.0
Estonian 61.4 55.8 90.8 42.1 68.6 11.0 17.9 61.4 59.0 96.1 56.7 92.4 48.2 78.5 61.4 59.0 96.2 56.9 92.7 48.5 79.1
Lithuanian 60.8 55.4 91.2 44.8 73.6 10.6 17.3 60.8 59.5 97.8 56.3 92.6 48.3 79.4 60.8 58.6 96.4 56.2 92.4 45.8 75.3
Bengali 60.3 51.5 85.3 38.8 64.2 7.5 12.4 60.3 57.6 95.6 53.6 88.8 41.2 68.3 60.3 57.0 94.5 54.5 90.4 36.5 60.5
Thai 60.2 50.3 83.6 37.9 63.0 5.4 9.0 60.2 58.1 96.6 54.9 91.2 41.4 68.8 60.2 58.8 97.7 55.2 91.8 43.2 71.8
Urdu 59.8 52.4 87.6 36.8 61.4 7.3 12.3 59.8 56.3 94.2 51.2 85.6 38.4 64.2 59.8 56.7 94.8 53.0 88.5 38.0 63.6
Kazakh 58.3 50.2 86.0 32.4 55.6 5.8 10.0 58.3 54.4 93.3 48.4 83.0 35.8 61.3 58.3 54.5 93.4 49.5 84.8 32.0 54.9
Tamil 56.7 46.7 82.4 30.0 53.0 7.2 12.7 56.7 54.2 95.6 48.8 86.1 31.9 56.2 56.7 54.5 96.0 49.2 86.8 23.1 40.7
Uzbek 56.1 45.7 81.5 31.6 56.3 10.1 18.1 56.1 53.7 95.7 49.6 88.5 33.1 59.1 56.1 53.0 94.5 50.1 89.3 15.3 27.2
Georgian 53.8 47.3 87.9 26.7 49.6 7.6 14.2 53.8 50.7 94.3 45.2 84.0 27.1 50.5 53.8 51.3 95.4 42.3 78.7 22.9 42.7

Table 39: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3 on Translation under top-k
reduction, global α, and token α. Per-language mean within tier. Qwen3 is restricted to its 73 supported languages.
Part 1: tiers T5–T3.
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Qwen3 – Translation

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T2 56.8 48.2 84.9 31.7 55.7 9.6 17.1 56.8 53.3 93.8 49.2 86.6 34.2 60.0 56.8 53.0 93.4 48.9 86.0 32.8 57.7
Maltese 62.5 53.8 86.1 35.6 56.9 10.5 16.8 62.5 59.0 94.4 54.2 86.7 38.1 60.9 62.5 57.6 92.2 53.5 85.6 34.9 55.8
Punjabi 61.6 51.6 83.7 35.1 57.0 9.1 14.7 61.6 59.2 96.1 54.1 87.7 39.2 63.6 61.6 58.7 95.2 54.9 89.1 32.1 52.1
Marathi 60.2 53.5 88.8 37.2 61.8 10.1 16.8 60.2 57.0 94.7 53.5 88.8 39.5 65.6 60.2 57.6 95.7 52.8 87.6 36.9 61.3
Lao 56.6 47.4 83.8 26.2 46.3 4.0 7.0 56.6 53.2 94.1 50.3 88.9 31.2 55.2 56.6 53.4 94.5 49.5 87.4 32.2 56.9
Icelandic 54.2 47.7 88.0 34.4 63.4 11.5 21.2 54.2 50.5 93.1 46.4 85.5 36.9 67.9 54.2 50.5 93.0 47.2 87.1 39.0 71.9
Haitian Creole 51.8 43.8 84.6 28.7 55.5 11.1 21.4 51.8 48.6 93.8 44.6 86.1 30.7 59.2 51.8 47.9 92.4 44.4 85.6 31.8 61.3
Swahili 50.2 39.7 79.1 24.6 49.1 10.8 21.5 50.2 45.4 90.3 41.4 82.4 24.0 47.8 50.2 45.6 90.7 39.9 79.4 22.5 44.8

T1 57.3 48.8 84.7 32.9 56.1 7.7 13.3 57.3 54.3 94.8 50.2 87.3 34.8 59.4 57.3 54.4 94.8 50.2 87.1 30.8 52.7
Norwegian 74.9 70.6 94.2 56.3 75.2 13.0 17.4 74.9 73.2 97.8 72.2 96.5 66.6 88.9 74.9 74.2 99.1 72.2 96.4 67.4 90.0
Macedonian 66.5 61.5 92.5 49.3 74.1 10.4 15.6 66.5 64.6 97.1 62.4 93.7 53.8 80.9 66.5 64.5 96.9 62.6 94.1 52.8 79.3
Albanian 63.6 58.2 91.5 41.9 65.9 13.0 20.4 63.6 60.5 95.1 58.0 91.1 50.9 80.1 63.6 61.3 96.3 58.3 91.6 35.8 56.2
Nepali 62.1 53.2 85.7 38.9 62.7 8.4 13.5 62.1 58.3 93.8 53.6 86.4 39.9 64.3 62.1 58.3 93.8 54.0 86.9 26.3 42.4
Gujarati 62.1 53.4 86.1 31.7 51.1 6.3 10.1 62.1 59.3 95.6 55.9 90.0 36.8 59.2 62.1 58.9 94.9 55.9 90.1 21.9 35.3
Armenian 61.6 52.2 84.7 34.5 55.9 4.6 7.5 61.6 59.7 96.9 54.9 89.0 39.3 63.8 61.6 59.1 95.9 54.5 88.5 34.0 55.3
Telugu 60.9 47.1 77.3 32.7 53.7 5.0 8.2 60.9 57.0 93.6 52.4 86.2 21.7 35.6 60.9 55.9 91.8 53.3 87.5 20.5 33.7
Malayalam 59.5 49.9 83.8 32.8 55.2 7.0 11.8 59.5 55.7 93.6 52.1 87.5 32.0 53.7 59.5 57.4 96.4 53.4 89.8 31.1 52.2
Javanese 59.1 51.3 86.8 38.9 65.8 11.0 18.7 59.1 57.1 96.5 53.4 90.4 41.9 70.9 59.1 56.1 94.9 52.1 88.1 39.4 66.7
Kannada 57.6 49.6 86.1 35.0 60.7 6.7 11.7 57.6 54.5 94.6 50.8 88.1 30.2 52.4 57.6 54.4 94.3 50.2 87.1 31.1 53.9
Sundanese 56.0 48.6 86.8 35.5 63.3 10.0 17.8 56.0 52.0 92.8 48.8 87.1 35.8 63.9 56.0 51.5 91.9 47.8 85.3 34.3 61.1
Oriya 54.3 44.2 81.4 27.9 51.3 5.5 10.1 54.3 50.7 93.3 45.4 83.6 27.5 50.7 54.3 50.2 92.4 46.1 84.9 26.8 49.3
Assamese 53.2 42.6 80.1 28.7 54.0 7.2 13.6 53.2 49.1 92.3 43.5 81.8 26.9 50.5 53.2 49.4 92.9 44.6 83.9 23.8 44.8
Azerbaijani 52.4 45.3 86.5 34.6 66.1 8.7 16.6 52.4 50.5 96.4 47.6 90.8 34.3 65.5 52.4 49.9 95.2 46.9 89.5 30.5 58.3
Khmer 50.4 41.9 83.2 16.0 31.7 4.0 8.0 50.4 47.8 94.9 40.2 79.7 26.0 51.6 50.4 50.0 99.2 44.3 87.9 24.5 48.6
Tajik 49.9 40.9 82.1 20.3 40.7 7.2 14.5 49.9 44.8 89.9 39.5 79.2 21.5 43.0 49.9 44.0 88.3 37.6 75.5 16.3 32.7
Sinhala 48.6 37.0 76.0 24.0 49.4 8.1 16.7 48.6 44.0 90.5 38.0 78.1 21.5 44.1 48.6 44.4 91.3 37.3 76.6 18.8 38.7
Burmese 38.5 31.1 80.6 12.9 33.5 2.6 6.9 38.5 39.1 101.5 35.5 92.2 19.3 50.0 38.5 39.0 101.1 32.2 83.6 19.3 50.2

Avg 61.4 55.1 89.4 42.2 67.7 10.1 16.3 61.4 59.3 96.5 56.3 91.4 45.7 73.3 61.4 59.3 96.4 56.4 91.4 43.3 69.4

Table 40: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3 on Translation under top-k
reduction, global α, and token α. Per-language mean within tier. Qwen3 is restricted to its 73 supported languages.
Part 2: tiers T2–T1 and overall mean.
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Qwen3.5 – Translation

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 63.6 59.4 93.3 51.9 81.6 31.7 49.7 63.6 63.3 99.5 62.7 98.6 60.6 95.2 63.6 63.4 99.7 63.0 99.0 61.5 96.7
German 69.5 65.6 94.4 57.2 82.3 36.0 51.7 69.5 69.2 99.6 68.5 98.5 67.2 96.6 69.5 69.3 99.8 68.6 98.7 67.8 97.6
French 68.4 66.7 97.5 58.8 85.9 43.1 63.1 68.4 68.4 100.0 67.9 99.3 66.7 97.6 68.4 68.3 99.8 67.3 98.5 66.6 97.4
Arabic 66.8 63.2 94.6 51.9 77.7 26.1 39.0 66.8 66.1 98.9 66.3 99.1 64.2 96.0 66.8 66.5 99.6 66.2 99.0 63.7 95.3
Spanish 60.2 58.9 97.8 55.6 92.4 34.3 57.0 60.2 60.3 100.2 60.1 99.8 59.7 99.2 60.2 60.3 100.2 60.2 100.0 59.7 99.1
Chinese (S.) 59.8 52.2 87.2 44.4 74.1 23.8 39.8 59.8 58.5 97.7 56.9 95.1 54.9 91.8 59.8 58.8 98.3 58.2 97.3 57.8 96.6
Japanese 56.8 50.0 88.2 43.8 77.2 26.9 47.3 56.8 57.2 100.8 56.7 99.9 51.0 89.9 56.8 57.2 100.7 57.2 100.7 53.6 94.3

T4 64.5 60.9 94.3 52.5 81.1 31.3 48.3 64.5 64.3 99.7 63.8 98.9 61.9 95.9 64.5 64.3 99.6 63.8 98.8 62.4 96.6
Portuguese 72.5 69.7 96.2 56.4 77.8 39.5 54.6 72.5 72.1 99.5 71.5 98.6 69.8 96.4 72.5 72.3 99.7 71.5 98.6 70.7 97.6
Catalan 71.7 69.9 97.5 63.5 88.5 37.9 52.9 71.7 71.2 99.4 70.5 98.3 69.1 96.5 71.7 71.1 99.2 70.7 98.6 69.4 96.8
Swedish 70.1 67.3 96.0 63.6 90.8 39.6 56.5 70.1 70.5 100.6 70.1 99.9 67.8 96.7 70.1 70.1 100.0 69.6 99.2 68.8 98.1
Serbian 69.3 67.0 96.7 55.2 79.7 30.6 44.2 69.3 68.8 99.3 68.8 99.3 66.7 96.3 69.3 68.5 98.8 68.1 98.3 66.2 95.6
Czech 67.1 64.3 95.8 56.4 84.2 35.9 53.5 67.1 66.8 99.6 66.4 99.0 65.2 97.2 67.1 66.9 99.8 66.2 98.7 65.0 97.0
Persian 64.8 60.9 93.9 55.3 85.4 23.6 36.4 64.8 63.3 97.7 62.6 96.7 61.0 94.2 64.8 63.8 98.4 62.7 96.8 61.3 94.7
Hindi 64.7 62.0 96.0 53.1 82.1 31.6 48.8 64.7 65.0 100.5 63.7 98.5 62.3 96.4 64.7 65.0 100.6 63.5 98.2 62.3 96.4
Croatian 64.6 59.1 91.6 54.5 84.4 29.1 45.0 64.6 64.7 100.1 64.8 100.3 63.0 97.6 64.6 64.6 100.0 64.4 99.7 62.7 97.1
Turkish 64.4 58.9 91.4 50.0 77.7 27.9 43.3 64.4 64.8 100.5 64.7 100.4 62.2 96.5 64.4 64.1 99.5 64.4 100.0 61.8 95.9
Russian 63.6 61.2 96.2 49.8 78.3 32.3 50.8 63.6 63.5 99.9 63.4 99.7 61.5 96.7 63.6 63.5 99.9 62.7 98.6 61.9 97.4
Hungarian 63.6 57.4 90.3 52.3 82.3 31.6 49.6 63.6 63.5 99.9 63.3 99.6 60.8 95.7 63.6 63.9 100.5 63.0 99.1 61.6 96.9
Vietnamese 63.2 58.9 93.1 44.4 70.2 28.9 45.7 63.2 63.5 100.4 62.9 99.4 61.4 97.1 63.2 63.6 100.6 62.7 99.2 61.6 97.5
Italian 62.7 60.4 96.3 55.1 88.0 37.0 59.1 62.7 62.5 99.6 62.2 99.3 61.7 98.4 62.7 62.7 100.1 62.6 99.9 61.3 97.8
Finnish 62.3 54.9 88.2 50.3 80.7 28.1 45.1 62.3 62.2 100.0 60.9 97.8 57.8 92.9 62.3 60.7 97.4 61.5 98.7 59.2 95.2
Korean 60.3 54.5 90.3 43.5 72.1 28.9 48.0 60.3 60.2 99.8 59.2 98.1 55.7 92.4 60.3 59.8 99.1 59.3 98.3 57.2 94.9
Dutch 59.6 58.0 97.3 48.4 81.2 34.3 57.6 59.6 59.4 99.7 59.2 99.3 58.6 98.3 59.6 59.3 99.5 59.3 99.5 58.7 98.4
Polish 59.4 57.9 97.5 47.4 79.8 19.7 33.2 59.4 58.8 98.9 58.4 98.3 56.5 95.1 59.4 58.6 98.7 58.3 98.1 57.6 96.9
Basque 58.1 54.2 93.3 44.9 77.3 26.4 45.4 58.1 57.3 98.5 56.9 98.0 53.8 92.5 58.1 58.2 100.1 57.8 99.4 55.3 95.2

T3 65.0 60.2 92.6 53.0 81.4 27.7 42.2 65.0 64.6 99.4 63.9 98.4 61.6 94.8 65.0 64.5 99.2 63.8 98.2 62.0 95.4
Afrikaans 76.8 74.7 97.3 69.0 89.9 33.8 44.0 76.8 76.6 99.7 76.3 99.3 74.4 96.8 76.8 76.7 99.8 76.1 99.0 75.5 98.2
Danish 72.5 68.2 94.1 61.1 84.4 42.7 58.9 72.5 71.9 99.2 71.2 98.3 70.0 96.6 72.5 70.8 97.7 70.7 97.5 69.7 96.1
Malay 70.5 68.7 97.4 63.9 90.7 38.2 54.2 70.5 70.1 99.5 69.1 98.0 67.9 96.3 70.5 69.8 98.9 69.2 98.1 68.1 96.6
Romanian 69.5 61.0 87.7 56.9 81.8 27.8 40.0 69.5 69.3 99.7 68.5 98.5 67.5 97.1 69.5 69.4 99.9 68.6 98.6 67.6 97.3
Hebrew 68.6 63.7 92.8 56.4 82.2 31.9 46.6 68.6 68.5 99.9 67.9 98.9 65.6 95.6 68.6 68.1 99.2 67.7 98.7 66.1 96.4
Filipino 68.4 63.2 92.5 55.2 80.7 24.0 35.2 68.4 67.0 97.9 65.4 95.7 63.0 92.2 68.4 67.2 98.3 66.1 96.7 64.2 93.9
Indonesian 68.2 66.1 96.9 58.5 85.8 37.3 54.7 68.2 68.2 99.9 67.2 98.4 66.8 97.9 68.2 68.0 99.7 67.5 98.9 66.8 97.9
Bulgarian 67.8 65.6 96.7 59.4 87.6 35.0 51.6 67.8 68.4 100.9 67.6 99.7 66.5 98.1 67.8 68.0 100.2 67.7 99.9 65.6 96.8
Slovak 66.3 62.4 94.2 54.3 82.0 31.5 47.5 66.3 66.2 100.0 66.1 99.8 63.8 96.2 66.3 65.3 98.5 65.7 99.2 64.1 96.8
Cebuano 65.5 61.5 93.9 53.3 81.3 30.0 45.8 65.5 64.4 98.4 63.1 96.4 60.3 92.0 65.5 64.4 98.3 63.2 96.4 61.5 93.8
Ukrainian 65.5 56.5 86.3 53.9 82.3 33.9 51.7 65.5 64.7 98.8 64.4 98.3 62.2 95.0 65.5 65.3 99.8 64.5 98.5 62.4 95.3
Latvian 65.1 58.4 89.7 50.9 78.1 26.4 40.5 65.1 64.4 98.9 64.4 98.9 61.5 94.5 65.1 64.2 98.6 63.9 98.1 61.5 94.4
Estonian 63.9 56.3 88.2 52.3 81.8 20.6 32.2 63.9 63.2 98.9 63.6 99.6 59.2 92.8 63.9 63.6 99.7 62.6 98.0 60.6 94.9
Slovenian 63.8 60.0 94.1 52.2 81.9 23.4 36.6 63.8 63.0 98.8 62.3 97.6 60.7 95.1 63.8 63.9 100.2 62.9 98.7 60.5 94.8
Greek 62.4 57.1 91.4 52.2 83.7 26.3 42.2 62.4 62.5 100.1 61.8 99.0 61.6 98.7 62.4 62.5 100.1 61.4 98.3 61.0 97.7
Bengali 61.7 59.1 95.7 50.1 81.2 26.1 42.4 61.7 60.7 98.3 60.2 97.5 57.2 92.7 61.7 60.2 97.6 59.2 96.0 58.3 94.4
Lithuanian 61.5 58.8 95.6 50.7 82.4 24.4 39.7 61.5 61.3 99.5 60.3 98.0 58.1 94.4 61.5 60.8 98.8 59.4 96.5 57.6 93.5
Urdu 60.8 55.7 91.6 43.9 72.1 20.7 34.0 60.8 60.0 98.7 58.7 96.4 55.4 91.1 60.8 60.4 99.3 59.3 97.4 54.9 90.3
Thai 60.0 50.3 83.8 48.2 80.4 25.8 43.0 60.0 60.1 100.2 59.8 99.6 58.0 96.7 60.0 59.9 99.8 59.7 99.5 58.2 97.1
Uzbek 59.9 56.5 94.4 44.0 73.6 24.8 41.5 59.9 60.2 100.6 60.1 100.4 55.4 92.5 59.9 59.8 99.8 58.9 98.3 56.4 94.2
Kazakh 59.4 55.6 93.6 43.2 72.8 18.3 30.8 59.4 59.2 99.7 58.5 98.6 55.2 93.0 59.4 59.0 99.4 58.6 98.7 56.2 94.7
Georgian 58.2 52.9 90.9 45.7 78.5 17.0 29.2 58.2 57.6 99.1 56.6 97.4 53.5 91.9 58.2 58.0 99.6 57.1 98.1 55.2 94.8
Tamil 57.6 52.4 91.0 44.0 76.4 16.6 28.8 57.6 57.5 99.8 56.5 98.2 53.8 93.5 57.6 57.1 99.2 56.7 98.5 54.3 94.3

Table 41: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3.5 on Translation under top-k
reduction, global α, and token α. Per-language mean within tier. Part 1: tiers T5–T3.
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Qwen3.5 – Translation

Standard Global α Token α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T2 56.0 51.4 91.5 43.2 76.5 19.5 34.4 56.0 55.0 97.8 53.7 95.5 49.3 87.2 56.0 55.1 98.2 54.0 96.0 50.6 89.5
Maltese 74.7 73.0 97.7 62.8 84.1 29.6 39.6 74.7 75.0 100.4 74.6 99.9 71.6 95.8 74.7 74.5 99.8 74.3 99.4 72.1 96.6
Swahili 64.6 60.1 93.0 52.5 81.2 25.8 40.0 64.6 64.5 99.7 63.4 98.1 58.8 91.0 64.6 63.2 97.8 63.5 98.3 59.6 92.3
Punjabi 62.4 60.2 96.5 53.7 86.1 18.8 30.2 62.4 62.1 99.6 61.6 98.7 57.9 92.8 62.4 62.4 100.0 61.4 98.5 58.5 93.8
Haitian Creole 61.6 57.1 92.6 49.2 79.9 25.5 41.4 61.6 61.7 100.1 60.2 97.8 56.9 92.4 61.6 60.8 98.6 60.6 98.3 56.5 91.8
Marathi 61.2 57.9 94.6 48.8 79.6 23.8 38.9 61.2 60.9 99.5 59.9 97.8 56.8 92.7 61.2 60.6 99.0 59.5 97.1 57.4 93.8
Icelandic 60.2 55.6 92.2 50.1 83.2 24.0 39.9 60.2 59.7 99.0 58.2 96.7 55.4 91.9 60.2 59.6 99.0 58.4 97.0 57.0 94.6
Lao 59.1 53.1 89.8 40.4 68.3 13.6 23.0 59.1 58.7 99.3 58.5 99.0 55.0 93.0 59.1 58.9 99.7 58.3 98.6 55.5 93.9
Zulu 58.1 54.9 94.5 47.9 82.3 23.3 40.1 58.1 57.1 98.2 55.8 96.0 51.4 88.4 58.1 57.4 98.7 55.5 95.5 52.4 90.2
Xhosa 56.5 47.6 84.3 38.0 67.2 15.0 26.5 56.5 54.5 96.5 53.5 94.6 48.0 84.9 56.5 54.9 97.1 53.9 95.5 51.2 90.6
Amharic 54.5 47.5 87.0 37.6 68.9 12.2 22.4 54.5 53.1 97.4 51.0 93.5 44.4 81.4 54.5 54.0 99.0 51.7 94.9 46.4 85.1
Hausa 54.0 50.2 93.1 41.8 77.5 23.3 43.1 54.0 52.7 97.7 50.1 92.9 44.7 82.9 54.0 52.6 97.6 52.3 97.0 49.1 91.0
Tswana 48.2 42.1 87.2 33.8 70.0 16.3 33.7 48.2 46.9 97.2 44.1 91.3 39.6 82.1 48.2 47.1 97.7 45.7 94.8 41.1 85.2
Tigrinya 44.7 39.6 88.7 32.2 72.1 12.7 28.3 44.7 42.3 94.6 41.0 91.7 36.4 81.4 44.7 43.6 97.7 41.0 91.9 36.5 81.7
Yoruba 43.3 39.1 90.5 30.2 69.9 14.7 33.9 43.3 40.7 94.1 40.3 93.2 35.2 81.5 43.3 41.4 95.6 39.4 91.1 36.5 84.4
Wolof 37.1 33.6 90.7 28.4 76.6 13.2 35.6 37.1 34.8 93.9 33.7 90.8 28.0 75.6 37.1 35.5 95.6 34.1 91.9 29.0 78.2

T1 53.9 49.0 90.5 40.1 73.8 18.4 34.3 53.9 52.9 97.8 51.4 94.7 47.4 86.7 53.9 53.0 97.8 51.6 95.2 48.2 88.1
Norwegian 75.7 71.0 93.9 65.9 87.1 37.7 49.9 75.7 75.6 100.0 75.7 100.0 74.0 97.8 75.7 75.1 99.2 75.4 99.6 74.0 97.8
Macedonian 67.5 64.7 95.9 59.9 88.7 30.9 45.8 67.5 67.5 100.1 66.5 98.6 65.3 96.8 67.5 67.0 99.2 67.0 99.3 65.1 96.5
Albanian 66.6 62.3 93.6 53.8 80.8 27.1 40.6 66.6 66.0 99.1 65.9 98.9 63.8 95.8 66.6 66.6 100.0 65.8 98.9 64.0 96.0
Armenian 64.1 61.5 95.9 51.7 80.6 27.0 42.2 64.1 63.5 99.0 62.8 97.9 59.2 92.3 64.1 63.7 99.5 63.1 98.5 61.2 95.5
Gujarati 63.7 59.9 94.0 51.9 81.4 14.8 23.1 63.7 63.1 99.0 61.4 96.3 58.8 92.2 63.7 62.4 97.9 61.5 96.5 59.1 92.7
Javanese 63.3 58.0 91.7 48.5 76.6 24.0 37.9 63.3 61.2 96.8 60.6 95.8 56.9 90.0 63.3 62.3 98.5 60.8 96.1 58.0 91.7
Telugu 62.9 56.7 90.1 43.7 69.5 15.8 25.1 62.9 61.8 98.2 60.3 95.9 57.3 91.1 62.9 61.9 98.4 60.3 95.9 59.1 93.9
Nepali 62.3 59.4 95.4 47.3 76.0 21.9 35.1 62.3 63.2 101.4 61.7 99.1 59.1 94.9 62.3 62.9 100.9 61.3 98.4 58.4 93.8
Malayalam 61.9 56.6 91.4 47.8 77.3 13.7 22.2 61.9 61.9 100.1 60.2 97.3 56.6 91.5 61.9 61.7 99.8 60.2 97.4 57.6 93.1
Sundanese 61.0 55.4 90.7 50.2 82.2 21.2 34.7 61.0 60.3 98.7 58.8 96.3 56.6 92.7 61.0 59.8 98.0 58.9 96.4 56.9 93.3
Oriya 59.5 57.6 96.7 45.0 75.6 20.8 35.0 59.5 60.2 101.2 58.5 98.4 54.8 92.0 59.5 60.6 101.9 59.0 99.1 56.3 94.6
Sinhala 59.4 51.8 87.3 43.3 73.0 14.3 24.1 59.4 58.2 98.1 57.0 96.0 52.5 88.5 59.4 59.1 99.6 56.4 95.0 53.6 90.4
Tajik 59.4 56.6 95.4 49.3 83.0 20.2 34.0 59.4 59.1 99.6 57.6 97.1 53.6 90.3 59.4 59.6 100.5 57.5 97.0 54.9 92.5
Kannada 58.9 54.6 92.8 32.6 55.3 10.7 18.2 58.9 58.6 99.5 57.7 98.0 55.2 93.7 58.9 58.4 99.2 57.5 97.7 55.6 94.4
Khmer 56.9 53.1 93.5 35.0 61.5 15.8 27.8 56.9 56.6 99.6 55.2 97.1 50.8 89.3 56.9 56.7 99.8 56.4 99.2 52.3 92.0
Kurdish 56.6 50.7 89.5 36.7 64.8 15.8 27.9 56.6 55.3 97.6 52.3 92.5 48.8 86.3 56.6 55.0 97.2 53.8 95.1 48.6 85.9
Pashto 56.1 49.2 87.7 38.4 68.5 18.6 33.2 56.1 54.9 97.9 53.9 96.0 48.4 86.3 56.1 55.7 99.3 53.2 94.8 49.4 88.0
Southern Sotho 55.9 50.5 90.3 42.4 75.9 20.0 35.9 55.9 54.1 96.9 50.9 91.2 44.0 78.7 55.9 53.9 96.5 52.5 94.0 47.3 84.6
Assamese 55.4 52.3 94.4 43.1 77.8 21.2 38.2 55.4 53.3 96.2 52.9 95.4 47.3 85.4 55.4 53.9 97.2 52.7 95.1 47.7 86.1
Mongolian 55.1 48.0 87.1 31.0 56.3 14.0 25.4 55.1 55.2 100.1 52.6 95.3 49.5 89.8 55.1 55.2 100.2 52.6 95.5 50.1 90.9
Azerbaijani 54.8 52.8 96.3 46.0 83.8 22.8 41.6 54.8 54.5 99.4 52.9 96.4 50.5 92.1 54.8 54.5 99.3 53.5 97.6 51.2 93.4
Kyrgyz 53.0 47.8 90.1 42.0 79.2 18.2 34.3 53.0 51.2 96.6 50.8 95.9 48.8 92.2 53.0 50.6 95.5 51.1 96.5 47.8 90.2
Kinyarwanda 52.4 49.6 94.7 39.7 75.7 18.7 35.7 52.4 52.1 99.3 50.9 97.1 46.2 88.2 52.4 52.0 99.3 50.8 96.9 47.4 90.3
Burmese 52.2 47.1 90.3 37.3 71.4 15.8 30.3 52.2 52.3 100.2 50.3 96.5 46.2 88.5 52.2 52.3 100.3 50.6 97.0 48.5 92.9
Malagasy 51.3 46.3 90.3 40.6 79.1 18.5 36.1 51.3 50.4 98.3 48.8 95.3 43.4 84.6 51.3 51.0 99.5 49.4 96.4 46.8 91.3
Somali 50.3 45.0 89.5 37.1 73.9 18.1 35.9 50.3 50.9 101.3 49.1 97.6 45.3 90.1 50.3 50.4 100.3 49.8 99.1 45.5 90.5
Maori 50.2 40.1 79.9 35.1 69.8 17.7 35.2 50.2 49.3 98.1 47.6 94.7 42.9 85.4 50.2 49.3 98.2 48.1 95.8 44.2 88.1
Igbo 49.2 43.2 87.8 37.0 75.1 17.2 35.0 49.2 48.0 97.5 46.2 93.9 40.8 82.9 49.2 47.9 97.3 46.5 94.5 41.0 83.2
Shona 47.6 43.1 90.5 34.0 71.5 17.1 35.9 47.6 46.6 98.0 45.6 95.8 39.6 83.2 47.6 45.4 95.3 44.8 94.1 41.6 87.3
Chichewa 46.7 43.4 92.8 32.6 69.8 17.6 37.6 46.7 46.2 99.0 45.0 96.3 40.2 86.1 46.7 47.3 101.3 44.6 95.5 42.8 91.7
Swati 45.2 38.5 85.1 33.3 73.6 15.1 33.4 45.2 43.2 95.6 41.4 91.6 34.4 76.1 45.2 43.6 96.3 42.0 92.8 37.0 81.9
Luganda 40.3 36.1 89.7 31.3 77.7 15.1 37.4 40.3 37.3 92.7 35.4 87.8 31.4 77.9 40.3 38.7 96.0 36.0 89.3 30.6 76.0
Lingala 39.8 36.0 90.3 30.7 77.0 15.4 38.8 39.8 37.8 95.0 35.9 90.2 31.4 79.0 39.8 37.6 94.5 36.6 92.0 32.9 82.5
Guarani 39.6 31.3 79.1 24.1 61.0 13.5 34.0 39.6 38.6 97.4 35.9 90.6 31.3 79.1 39.6 37.4 94.5 36.4 91.8 29.3 74.0
Oromo 38.7 33.3 86.2 25.2 65.3 12.2 31.5 38.7 35.0 90.6 31.9 82.5 25.7 66.5 38.7 35.5 91.7 33.5 86.7 26.3 68.1
Tibetan 36.1 29.6 81.9 21.7 60.2 12.3 34.2 36.1 33.7 93.3 31.2 86.5 26.1 72.2 36.1 34.2 94.8 31.7 87.9 24.5 67.9
Bambara 24.2 20.6 85.1 17.8 73.4 11.1 46.0 24.2 20.9 86.1 19.9 82.1 16.9 69.7 24.2 20.1 82.9 19.1 78.8 16.4 67.9

Avg 59.3 54.8 92.0 46.5 77.8 23.9 39.6 59.3 58.6 98.6 57.6 96.7 54.4 90.9 59.3 58.6 98.6 57.7 96.9 55.1 92.1

Table 42: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Qwen3.5 on Translation under top-k
reduction, global α, and token α. Per-language mean within tier. Part 2: tiers T2–T1 and overall mean.
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Gemma4 – Translation

Standard Global α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T5 64.7 64.3 99.3 63.5 98.0 57.9 89.4 64.7 64.4 99.4 63.5 98.1 59.3 91.7
French 69.8 69.4 99.5 69.4 99.4 65.1 93.2 69.8 69.5 99.5 68.5 98.0 66.4 95.1
German 69.4 69.0 99.5 69.0 99.5 64.1 92.4 69.4 69.1 99.6 68.8 99.2 65.0 93.6
Arabic 68.5 68.2 99.4 66.7 97.2 59.2 86.3 68.5 68.5 100.0 67.5 98.4 58.9 86.0
Spanish 60.8 60.9 100.0 59.2 97.4 55.1 90.6 60.8 60.6 99.6 60.1 98.8 57.3 94.2
Chinese (S.) 60.5 59.4 98.3 58.1 96.1 51.4 85.1 60.5 59.7 98.7 58.3 96.4 54.9 90.8
Japanese 59.3 58.7 99.0 58.3 98.3 52.5 88.5 59.3 58.7 99.1 57.9 97.6 53.5 90.2

T4 65.7 65.0 98.9 63.8 97.1 57.6 87.6 65.7 65.0 99.0 64.1 97.5 59.1 89.8
Catalan 73.0 72.8 99.8 72.0 98.6 66.4 91.0 73.0 72.7 99.7 72.0 98.7 67.7 92.8
Portuguese 72.8 72.5 99.6 71.7 98.5 66.3 91.1 72.8 72.5 99.7 71.8 98.6 69.1 95.0
Swedish 72.0 71.0 98.6 70.8 98.3 67.3 93.4 72.0 71.3 99.0 70.5 97.8 67.7 94.0
Serbian 70.7 69.6 98.4 68.8 97.3 59.7 84.4 70.7 69.7 98.5 68.7 97.1 63.3 89.5
Czech 68.0 67.5 99.4 65.8 96.8 62.9 92.5 68.0 67.2 98.9 66.6 97.9 62.8 92.4
Turkish 67.1 65.8 98.2 64.5 96.1 53.9 80.4 67.1 65.3 97.3 64.4 96.0 57.1 85.1
Hindi 66.6 65.9 98.9 64.0 96.0 56.6 85.0 66.6 66.2 99.4 64.4 96.7 56.6 84.9
Croatian 66.2 65.0 98.2 64.5 97.5 57.0 86.1 66.2 65.5 98.9 65.0 98.2 60.5 91.4
Hungarian 65.2 64.6 99.0 63.0 96.6 57.9 88.8 65.2 65.2 99.9 64.2 98.4 59.6 91.3
Russian 64.7 64.0 99.0 62.9 97.3 58.5 90.5 64.7 63.9 98.9 62.4 96.5 58.8 91.0
Vietnamese 64.4 64.1 99.5 62.5 97.0 52.7 81.8 64.4 64.0 99.4 62.9 97.6 56.1 87.1
Persian 64.3 62.1 96.6 61.4 95.5 53.0 82.5 64.3 62.8 97.7 61.9 96.2 54.6 85.0
Finnish 63.7 63.0 98.9 61.1 96.0 55.7 87.5 63.7 63.3 99.4 62.5 98.1 56.6 88.9
Italian 63.2 62.4 98.7 61.7 97.6 60.5 95.8 63.2 62.6 99.0 62.1 98.3 60.7 96.1
Korean 61.0 60.2 98.6 58.9 96.6 50.7 83.0 61.0 60.1 98.5 58.6 96.0 50.8 83.3
Dutch 60.2 59.9 99.5 59.2 98.3 56.4 93.6 60.2 59.8 99.3 58.9 97.8 57.3 95.2
Basque 60.2 59.5 98.9 57.6 95.6 46.0 76.5 60.2 59.3 98.6 58.6 97.3 49.0 81.4
Polish 59.2 59.2 99.9 57.9 97.7 55.0 92.8 59.2 59.0 99.5 58.4 98.5 54.9 92.6

T3 66.6 65.8 98.7 64.4 96.5 55.4 82.8 66.6 66.0 99.0 64.5 96.7 57.8 86.5
Afrikaans 78.9 78.0 98.9 75.7 96.0 69.5 88.2 78.9 77.8 98.7 76.7 97.3 71.2 90.2
Danish 72.5 72.4 99.8 72.0 99.3 68.3 94.2 72.5 72.6 100.2 71.4 98.5 69.3 95.6
Filipino 71.6 70.3 98.3 69.7 97.4 61.4 85.7 71.6 70.5 98.5 69.7 97.4 64.2 89.6
Malay 71.4 71.0 99.4 69.5 97.4 63.1 88.4 71.4 70.8 99.1 70.0 98.0 65.0 91.0
Hebrew 71.1 70.5 99.1 69.8 98.3 56.0 78.8 71.1 70.6 99.3 69.4 97.7 60.5 85.2
Romanian 70.3 70.0 99.6 69.6 99.1 63.8 90.8 70.3 69.8 99.3 68.9 98.0 65.2 92.7
Bulgarian 69.9 69.1 98.9 68.9 98.6 63.0 90.2 69.9 69.4 99.4 69.0 98.7 65.5 93.8
Cebuano 69.5 67.9 97.8 66.8 96.1 56.4 81.3 69.5 68.4 98.5 67.3 96.9 60.4 87.0
Indonesian 69.1 68.2 98.6 66.9 96.7 59.8 86.5 69.1 69.0 99.8 67.0 96.8 62.0 89.6
Slovak 67.3 66.7 99.2 65.9 98.0 61.3 91.1 67.3 67.0 99.6 65.3 97.1 62.5 93.0
Ukrainian 66.3 65.4 98.6 64.7 97.5 59.2 89.3 66.3 66.1 99.6 64.3 97.0 60.9 91.8
Latvian 66.2 66.0 99.7 65.2 98.5 56.5 85.3 66.2 66.0 99.7 65.0 98.3 59.2 89.5
Estonian 65.8 64.7 98.3 63.8 96.9 56.1 85.2 65.8 65.2 99.0 63.9 97.1 59.2 89.9
Slovenian 64.5 63.4 98.2 62.6 97.1 55.3 85.7 64.5 63.5 98.4 62.1 96.2 57.5 89.2
Greek 64.3 64.2 99.9 62.4 97.1 55.5 86.3 64.3 63.7 99.2 62.2 96.7 59.2 92.1
Kazakh 63.1 61.2 97.1 57.9 91.9 41.4 65.7 63.1 61.6 97.7 59.5 94.3 48.1 76.3
Lithuanian 62.8 62.9 100.2 61.0 97.1 54.4 86.6 62.8 62.5 99.6 61.1 97.4 54.9 87.6
Bengali 62.4 61.2 98.0 59.4 95.2 49.2 78.8 62.4 61.6 98.7 59.8 95.9 48.9 78.4
Urdu 62.1 61.0 98.1 58.7 94.5 44.9 72.2 62.1 61.1 98.5 59.2 95.4 41.6 66.9
Thai 62.0 60.5 97.6 59.4 95.8 50.3 81.2 62.0 61.2 98.7 60.0 96.8 53.2 85.9
Uzbek 62.0 59.9 96.7 56.1 90.4 40.7 65.6 62.0 60.7 98.0 58.2 93.9 46.4 74.8
Georgian 60.0 59.6 99.3 57.7 96.1 46.4 77.4 60.0 59.5 99.1 56.7 94.5 48.8 81.3
Tamil 59.8 59.5 99.5 56.6 94.6 42.1 70.4 59.8 59.2 99.0 56.0 93.6 46.2 77.2

Table 43: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Gemma4 on Translation under top-k
reduction and global α. Per-language mean within tier. Part 1: tiers T5–T3.
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Gemma4 – Translation

Standard Global α

Tier/Language r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2 r=8 r=4 Ret4 r=3 Ret3 r=2 Ret2

T2 58.4 56.5 96.3 53.7 91.1 40.7 68.3 58.4 56.8 97.0 53.9 91.5 44.1 74.2
Maltese 78.0 77.2 98.9 76.2 97.7 61.6 79.0 78.0 77.6 99.4 76.5 98.1 63.5 81.3
Swahili 68.3 66.5 97.3 64.6 94.6 56.1 82.2 68.3 66.7 97.6 63.3 92.7 58.0 85.0
Punjabi 65.1 63.1 97.0 60.4 92.8 44.5 68.5 65.1 63.3 97.3 61.8 94.9 48.2 74.1
Haitian Creole 63.6 62.0 97.5 60.0 94.3 48.3 76.0 63.6 62.1 97.6 60.0 94.3 52.1 81.9
Marathi 63.2 62.7 99.1 59.5 94.1 40.9 64.7 63.2 62.6 99.0 60.3 95.4 49.1 77.7
Lao 62.8 61.5 97.8 59.6 94.8 47.5 75.7 62.8 61.8 98.4 59.9 95.4 48.9 77.9
Icelandic 62.7 62.1 99.1 60.4 96.5 54.6 87.1 62.7 62.2 99.2 60.0 95.8 55.4 88.3
Zulu 61.7 60.6 98.2 57.9 93.8 44.8 72.5 61.7 60.0 97.2 57.0 92.3 46.1 74.8
Amharic 59.8 56.9 95.2 54.7 91.6 38.3 64.1 59.8 58.3 97.6 54.0 90.3 44.0 73.7
Xhosa 58.8 56.4 95.9 52.3 89.0 38.0 64.6 58.8 56.5 96.0 52.8 89.8 42.4 72.1
Hausa 57.7 55.8 96.7 51.8 89.7 38.7 67.1 57.7 56.2 97.3 52.8 91.4 44.5 77.1
Tswana 49.9 47.7 95.6 44.2 88.5 32.5 65.1 49.9 47.8 95.8 43.8 87.6 34.4 69.0
Tigrinya 46.2 42.0 91.0 36.2 78.4 22.1 47.7 46.2 43.5 94.3 38.8 83.9 24.0 51.9
Yoruba 44.1 41.8 94.7 38.1 86.3 25.1 56.9 44.1 41.9 94.9 39.0 88.4 27.1 61.5
Wolof 34.2 31.1 91.1 28.8 84.3 18.1 53.1 34.2 31.7 92.8 28.0 81.9 22.9 67.1

T1 56.6 54.7 96.2 51.8 90.8 37.7 65.7 56.6 55.0 96.9 52.4 91.9 41.4 72.1
Norwegian 76.8 75.4 98.1 76.5 99.5 69.4 90.3 76.8 75.8 98.7 75.5 98.3 73.0 95.0
Macedonian 68.8 68.7 99.9 67.2 97.7 61.0 88.7 68.8 68.2 99.2 67.9 98.7 63.5 92.3
Albanian 68.1 67.3 98.9 65.8 96.6 58.3 85.6 68.1 67.2 98.6 66.3 97.4 60.6 89.0
Nepali 66.9 65.6 98.0 61.9 92.6 49.7 74.3 66.9 65.5 97.9 62.8 93.8 52.1 77.8
Armenian 66.6 66.2 99.4 64.5 96.8 52.3 78.5 66.6 65.8 98.8 64.5 96.8 54.1 81.2
Gujarati 64.9 63.7 98.1 60.6 93.3 40.0 61.6 64.9 63.9 98.4 62.1 95.6 48.1 74.0
Javanese 64.3 62.9 97.9 59.8 93.0 48.2 74.9 64.3 62.9 97.9 59.7 92.8 51.9 80.7
Telugu 64.2 62.7 97.7 61.3 95.4 39.2 61.0 64.2 62.5 97.3 61.9 96.3 43.7 68.1
Malayalam 63.4 61.5 97.0 59.7 94.2 42.4 66.9 63.4 61.8 97.6 60.1 94.9 48.5 76.6
Tajik 61.9 59.1 95.6 55.1 89.1 38.5 62.3 61.9 59.5 96.1 56.7 91.7 45.7 73.9
Sundanese 61.8 60.1 97.2 57.5 93.0 39.5 63.9 61.8 60.3 97.6 57.8 93.4 45.6 73.7
Oriya 61.5 59.9 97.3 56.5 91.7 33.7 54.7 61.5 60.9 98.9 56.9 92.5 38.8 63.0
Sinhala 61.4 60.3 98.2 56.6 92.2 41.6 67.7 61.4 60.1 97.9 56.7 92.4 41.7 68.0
Kannada 60.6 59.1 97.4 57.7 95.2 39.6 65.3 60.6 59.5 98.1 57.2 94.4 45.6 75.2
Khmer 60.3 59.7 98.9 57.3 94.9 46.5 77.0 60.3 60.4 100.1 56.9 94.2 48.7 80.7
Kurdish 59.7 58.4 97.8 53.7 90.0 36.4 61.0 59.7 58.4 97.8 55.1 92.3 41.3 69.2
Mongolian 59.0 57.3 97.1 53.7 91.0 41.9 70.9 59.0 57.9 98.2 56.3 95.4 42.5 72.0
Southern Sotho 58.8 56.2 95.6 53.5 91.0 35.4 60.2 58.8 56.0 95.3 53.8 91.4 38.6 65.6
Pashto 57.5 55.5 96.6 53.4 92.9 35.5 61.8 57.5 56.2 97.9 53.2 92.6 37.0 64.3
Assamese 56.9 54.6 96.0 51.8 91.0 32.4 56.9 56.9 55.2 97.0 52.4 92.1 39.2 69.0
Malagasy 56.5 54.1 95.8 52.4 92.8 37.1 65.7 56.5 54.5 96.6 53.3 94.3 42.1 74.6
Burmese 56.4 53.8 95.4 49.5 87.7 35.9 63.7 56.4 54.3 96.3 51.3 90.9 38.6 68.4
Kinyarwanda 55.7 53.6 96.3 50.0 89.7 29.6 53.1 55.7 54.1 97.2 51.4 92.2 37.4 67.1
Azerbaijani 55.6 54.5 98.0 50.5 90.8 39.1 70.4 55.6 54.2 97.6 51.3 92.3 39.5 71.0
Somali 53.9 52.3 97.1 49.9 92.6 35.8 66.3 53.9 52.2 96.9 51.5 95.5 40.9 75.9
Kyrgyz 53.4 52.3 97.9 49.5 92.7 37.1 69.3 53.4 53.2 99.6 50.4 94.3 39.6 74.0
Igbo 53.0 49.5 93.4 45.2 85.3 34.0 64.2 53.0 50.5 95.2 46.2 87.2 38.3 72.2
Chichewa 51.6 50.0 96.7 48.6 94.2 36.8 71.2 51.6 50.5 97.8 48.4 93.8 39.2 75.9
Shona 51.5 49.8 96.7 47.1 91.5 34.9 67.9 51.5 50.0 97.3 47.7 92.8 37.7 73.3
Maori 50.0 48.8 97.5 45.8 91.5 32.8 65.6 50.0 49.3 98.5 45.2 90.4 36.2 72.4
Swati 47.5 43.3 91.3 37.4 78.8 22.2 46.8 47.5 44.3 93.3 40.1 84.4 26.8 56.4
Luganda 44.8 42.0 93.6 37.5 83.7 26.1 58.3 44.8 42.3 94.4 38.3 85.3 29.1 64.9
Lingala 44.5 42.3 95.1 39.0 87.7 28.3 63.5 44.5 42.3 95.0 39.5 88.7 33.2 74.5
Guarani 44.0 41.8 94.9 38.5 87.5 27.0 61.3 44.0 41.7 94.8 38.6 87.7 26.7 60.8
Oromo 43.8 39.4 89.9 36.8 84.0 22.2 50.8 43.8 40.4 92.3 36.6 83.7 27.0 61.7
Tibetan 40.9 35.8 87.6 31.1 76.1 17.9 43.9 40.9 37.0 90.7 32.4 79.2 20.5 50.1
Bambara 28.7 25.3 88.0 23.6 82.0 18.2 63.5 28.7 26.4 91.9 23.4 81.4 18.4 64.2

Avg 61.4 60.0 97.5 57.9 93.7 47.1 75.5 61.4 60.2 97.9 58.2 94.4 49.9 80.2

Table 44: Performance (%) and retention (Retr) at r=k=8 and r∈{4, 3, 2} for Gemma4 on Translation under top-k
reduction and global α. Per-language mean within tier. Part 2: tiers T2–T1 and overall mean.
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