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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 o) and (ii) a parameter-free per-
token correction (token «) 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-% reduction (orange) collapses
retention and widens the multilingual gap; our token o
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 £ 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 (TS5 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 %,
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 «,
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 a, 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 to4.4pp atk = 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. (1) 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. 2) 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. (3) 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

MOoE 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 {£;}7",. At any layer, a token represen-
tation z € R? is fed through a learned router
g : R — R™ followed by a softmax over all
m experts that assigns a gate weight w;(z) to each
expert: w;(z) = softmaz (g(z)),. Next, for each
token, a set of top-k experts with the largest gate
weights is selected, Si(z) = top,, ({wi(z)}™,),
followed by ¢; renormalization so that the selected
gate weights constitute a probability distribution:

- w;(x)

(@) = = e Si(a). 1
i(e) ZjESk(ac)wj(z) L€ Sile) M

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

MoE(z) = > i(z) - Ei(x). 2)

1€SE (x)

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 /1 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 Si(z) with S,(z) =
top, ({w;(x)}™,), 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 £; renormaliza-
tion now applied over the reduced set, i.e., with r
and S, instead of k and S, respectively, in Egs. (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).! We perform zero-shot evaluation on all
tasks by gradually reducing the number of active
experts from the default of » = 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

'We 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 =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 7, 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

Gemmad4-26B-A4B

Qwen3.5-35B-A3B

Tier r=8 7r=6 Rets 7r=5 Rets r=8 r=6 Retgs r=5 Rets r=8 r=6 Rets r=5 Rets
TS5 785 774 986 755 961 762 753 989 741 972 829 821 99.1 81.0 977
T4 786 767 976 735 935 76.1 749 984 735 96,5 838 829 99.0 82.0 979
T3 782 752 962 719 920 751 737 98.1 720 958 84.1 83.0 98.7 81.6 97.0
T2 66.8 645 968 600 90.1 599 582 973 565 944 708 692 977 676 952
T1 726 693 954 645 888 61.3 593 969 577 941 71.6 700 97.6 68.6 957
Avg 758 733 96.6 697 91.8 68.0 664 976 648 952 773 760 982 747 96.5

Table 1: Mean task performance at r=k=8 (full), r=6, and =5, with retentions Retg, Rets (%). 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.

-
o
o

(e}
o

(<))
o

-»- Qwen3

Mean performance ret. (%)

401 * Qwen3.5
-+ Gemma4
8 7 6 5 4 3 2
No. of ret. experts r
(@

-
(=]
o

(o]
o

=]
o

N
o

Mean performance ret. (%)

100 90 8 70 60 50 40 30
FFN active params (%)

(b)

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 7 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 » = 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 » = 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-%£ 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., Ly 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 0911 0907 0.903 0902 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 0216 0.214

Gemma4  0.064 0.064 0.064 0.068 0.066

Table 2: Evidence of a language-tier-dependent source
of degradation. 7op: 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.
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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 Lo-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 TS5 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 Lo —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 ., a naive baseline
that grid-searches for a model-level optimal scalar
for rescaling, and token «, a principled, per-token
correction, directly informed by our analysis.

Global a. 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 «,
found via grid search. The point at which « is
applied depends on the exact MoE architecture. In
models that add the ¢;-weighted expert sum di-
rectly to the residual stream or shared expert output
(Qwen3 and Qwen3.5), a multiplies the output of
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Figure 5: Mean retention as a function of  under standard top-k reduction, the global «, and token «, grouped by
post-¢1 normalization scheme: (a) ¢;-normalized (Qwen3, Qwen3.5); (b) ¢;-normalized + RMSNorm (Gemma4).

the MoE block. In models that apply an additional
normalization between the ¢; 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:

MoE;*(x) = «a-Norm(MoE,(z)), 3)

where Norm(-) denotes the architecture-specific
post-¢1 normalization, i.e., RMSNorm for Gemma4
and an identity function for Qwen3 and Qwen3.5.

We choose « 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 o with the
step 0.05 over a € [0.25, 1.0].

Token «. Under standard top-k reduction, the gate-
weights of surviving experts are divided by the
smaller mass » .. (,)w;(x) rather than by the
training-time mass ¢, () w;(x). This suggests
a principled per-token correction: rescale MoE, ()
by the ratio of these two masses, directly undoing
the token-specific inflation. We set

atker (z) = M7 )

2 jesi () Wi(®)

and apply it at the same point as global o. Note
that this is equivalent to retaining the training-time
£1 renormalization (over the top-k set) but zeroing
out the gate-weight contributions of experts not
in S, (z). Token « has three practical advantages.
First, the top-k sum in the denominator can be
computed at virtually no additional cost during

Qwen3 Qwen3.5 Gemmad
r global o token o global o token o global @ token «
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
4 070 0.69 0.70 0.65 0.95 0.67
3 0.60 0.57 0.60 0.54 0.95 0.55
2 050 0.44 0.50 0.40 0.90 0.41

Table 3: Global vs. token « for different r. For token «,
we report the median of o %" ().

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 o 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  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 o and 94.0% (98.2%) with
token . 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 « recovers to 70.0% (89.3%), and token «
t0 69.1% (90.2%). Token « tracks global « closely
at every 7, 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 « and global « in Table 3: the me-
dian per-token o *°5°? () tracks the grid-searched
global « 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 &, and token «, 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 «
does not yield a performance advantage over the
single scalar global .. 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-£ reduction.

For Gemma4, global o 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 o ranges from 0.90 at r=2
to 1.00 at »>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 «, 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 7 decreases. For
Qwen3 (Qwen3.5), the gap shrinks from 19.5pp
(10.0pp) under standard top-k to 11.7pp (5.1pp)
under global o and 11.8pp (4.4pp) under token o
at r=3. For Gemma4, the behavior mirrors that
for overall retention: the gain under global « 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 ¢ -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 o with a>1 yields consistent im-
provements. The size of these gains is compara-
ble to Gemma4’s: small but consistent across 7,
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 o) and a per-
token correction (token «) derived directly from
the routing weights. Both substantially recover
performance and reduce the multilingual gap. We
recommend token « for MoEs that add the renor-
malized expert sum directly to the residual stream,
and global « 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 TS, 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
Im-evaluation-harness (Gao et al., 2024) (MIT).

Tasks. We use five multilingual benchmarks un-
der zero-shot prompting. Belebele (Bandarkar
etal.,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)
(CCBY-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 MOoE 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.

/1 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 ¢; 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 ¢ 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 « Grid Search

The selection criterion follows Section 5: for each
candidate o, 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 « 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 £1-only (Qwen3,
Qwen3.5) and /1+RMSNorm (Gemma4) variants;
we verified that, for the £;-only models, measuring
at the MoE block output, after the shared-expert
sum, or after the residual yields essentially the

same global . 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.

_r=k=8
—r=4

MoE / Res Norm
(e} o o
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¥
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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 Gemmad 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 (X active) — 1x 3% — 2% — —
Renormalization 12 12 £1+RMSNorm 12 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-% 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 Ianguages.

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 MOoE 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 Gemmad4
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 1511 0.097 1479

Table 5: Per-r MoE-to-residual norm ratio and over-
shoot factor by model. The Ratio column is the mean
MokE-to-residual norm ratio under top-% 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 o intervention, complementing the main-
body view for Qwen3 and Qwen3.5 in Figure 6.
The gap reduction is smaller than for the ¢;-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 «.
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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 TS—T1 reten-
tion gap on this 39-language pool. The gap reduc-
tion under global « and token « 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 Gemmad
r Std Gloa Toka Std Gloa Toka Std Glo «
7 20 20 21 01 03 02 01 0.1
6 41 34 37 1.0 07 05 12 1.2
5 77 47 49 21 1.1 1.0 19 038
4 133 175 87 43 21 20 3.0 3.0
3 17.6 13.1 134 104 438 41 55 53
2 - - - 158 102 89 102 92

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 ¢; 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 x at k=1 for Mixtral and 1.20x for GPT-OSS.
Applying token « retains accuracy better than stan-

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

Standard Token o MoE/Res Over.
r Abs Ret Abs Ret
2 749 100.0 - - 0.167 1.000
1 59.1 789 647 864 0.181 1.079

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

Standard Token « MoE/Res Over.
r Abs Ret Abs  Ret
4 951 100.0 - - 0.305 1.000
3 944 993 941 989 0.310 1.017
2 89.1 93.7 89.7 9423 0.320 1.049
1 14.1 148 50.8 534 0.366 1.200

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

Standard Global o MoE/Res Over.
r Abs Ret a Abs Ret
8 447 1000 - - - 0.319 1.000
7 44.8 1002 1.00 44.8 100.2 0.318 0.997
6 442 99.0 1.00 442 99.0 0.317 0.992
5 419 938 1.05 41.6 93.0 0.315 0.985
4 402 90.0 1.05 40.3 90.3 0.312 0.978
3 349 78.1 1.05 356 79.6 0.307 0.960
2 283 634 120 29.1 652 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 0.92x at r=2). Token « 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 o with the grid restricted to
a > 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.

54309



J Language Coverage

Tier = Language Qwen3  Qwen3d.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

TS 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 Ambharic 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 « Token «
Tier/Language Ret; Rets Rets Rets Rets Reta Ret; Rets Rets Rets Rets Retas Ret; Retg Rets Rety Rets Reta
TS 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 97.9 955 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 98.1 959 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 93.5 784 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 96.5 924 80.7 99.7 99.1 98.0 96.7 92.8 80.0

Arabic 99.5 99.0 96.2 90.8 69.9 409 99.6 99.2 98.5 95.7 92.7 793 999 99.2 98.2 96.6 92.7 80.5
T4 99.0 98.1 95.0 87.7 67.1 31.2 99.2 989 97.8 95.8 91.6 77.0 99.3 98.8 97.8 95.6 919 77.7
Catalan 99.0 98.4 97.1 90.6 69.2 22.3 99.5 99.7 993 97.1 94.7 84.4 999 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 97.5 944 80.7 38.6 99.4 99.4 98.0 97.5 94.8 858 993 99.4 99.2 96.7 94.4 87.8

Swedish 97.9 97.1 95.0 88.5 66.7 284 982 97.7 96.7 955 91.7 77.3 98.1 974 96.3 95.1 914 76.3
Croatian 98.7 98.0 94.9 88.3 63.8 20.7 99.3 99.0 97.9 95.6 919 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 87.6 649 27.4 984 98.1 97.1 947 91.0 74.6 983 979 96.7 94.4 91.7 76.5
Hungarian 999 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 98.5 983 97.7 96.4 93.1 824

Serbian 99.4 98.4 95.1 85.5 60.9 28.0 994 99.1 98.1 95.6 90.2 72.1 99.5 98.7 97.8 954 90.6 73.9
Finnish 99.6 99.0 959 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 97.8 959 909 76.0 99.8 98.9 97.7 955 922 76.6
Persian 97.3 95.8 89.6 76.2 56.2 284 97.5 97.1 95.5 93.3 86.3 67.0 97.8 96.9 955 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 99.4 989 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 94.0 852 61.5 28.6 99.2 98.7 97.1 94.6 889 704 99.2 984 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 97.7 949 91.0 754 99.5 98.6 97.5 957 914 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 80.0 994 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 99.9 985 97.3 94.1 782 99.7 99.7 985 96.7 93.7 81.1
Slovak 99.5 97.6 95.7 87.7 64.5 229 99.6 99.8 99.3 96.7 93.2 769 994 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 75.6 979 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 98.6 954 90.3 69.6 999 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 99.4 985 97.7 952 91.0 74.4
Indonesian  99.4 99.0 96.3 89.7 759 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 73.6 994 989 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 98.0 955 89.5 693 999 994 97.5 954 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 97.4 969 96.0 94.3 90.1 68.9

Cebuano 99.1 95.3 90.3 81.6 58.7 244 99.5 97.6 96.6 93.7 84.2 62.3 994 98.1 96.6 94.0 852 67.2
Hebrew 97.8 95.6 91.1 81.4 584 29.6 98.0 97.2 96.0 94.0 879 71.5 983 96.8 959 939 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 96.4 939 858 62.6 99.5 983 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 88.0 749 99.6 98.9 983 93.4 89.1 759

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 93.7 854 62.5 993 98.1 96.2 924 85.0 594
Tamil 99.1 96.2 91.0 82.0 62.6 44.0 98.7 97.3 95.6 93.3 869 67.7 99.6 982 96.5 93.5 87.0 61.8

Kazakh 974 964 91.4 80.8 51.1 23.3 98.4 98.9 949 90.7 83.1 60.5 98.6 984 959 90.2 854 594
Georgian 99.7 97.0 92.8 81.8 47.3 243 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 «, and token «.. 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 TS5-T3.
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Qwen3
Standard Global « Token «

Tier/Language Ret; Rets Rets Rets Rets Retz Ret; Rets Rets Rets Rets Retz Ret; Rets Rets Rets Rets Reto

T2 99.5 97.2 92.0 81.0 57.0 344 99.1 982 96.0 91.3 83.7 62.8 993 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 91.9 849 61.5 99.1 97.4 95.2 91.1 83.8 60.8
Punjabi 99.1 96.9 90.5 75.6 51.2 239 99.3 982 95.1 92.1 859 60.2 99.8 97.7 94.0 89.9 83.6 55.4
Icelandic 99.2 97.0 929 82.0 54.4 27.1 97.8 98.7 96.4 91.7 829 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 97.9 953 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 91.0 824 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 79.8 539 26.6 99.1 98.1 957 92.0 84.4 60.1 989 97.6 953 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 91.7 785 514 189 982 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 98.8 985 94.9 90.9 85.5 54.9

Gujarati 98.3 95.7 919 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 89.5 769 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 96.3 942 90.6 81.8 58.7 97.4 957 942 89.5 81.3 51.9
Oriya 99.5 95.2 889 74.6 47.5 223 99.2 97.8 939 88.1 79.3 50.9 99.0 97.1 91.8 86.5 80.0 52.3

Azerbaijani 98.8 97.1 924 79.9 56.5 247 99.5 99.2 959 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 97.8 954 90.8 82.5 58.5 98.7 97.7 953 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 97.1 959 91.0 86.0 56.5
Assamese 98.9 96.6 89.4 759 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 39.4 203 98.5 99.6 96.7 92.6 79.3 539 989 97.6 96.6 94.2 83.8 53.5
Tajik 98.3 96.9 914 77.1 46.1 27.6 984 96.3 919 87.0 77.5 51.1 97.8 954 91.1 85.2 74.3 44.7
Sinhala 97.6 94.0 87.4 752 52.7 35.6 974 952 922 872 785 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 96.1 955 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 «, and token «.. 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 Token o
Tier/Language Ret; Rets Rets Rety Rets Reta Ret; Rets Rets Rets Rets Retz Ret; Rets Rets Rets Rets Rete
TS5 99.7 99.3 97.7 94.8 86.6 62.4 100.0 99.9 99.7 99.1 979 94.5 99.9 999 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 95.8 999 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 98.4 955
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 99.1 983 97.2 925 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 97.4 945 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 99.7 979 942 999 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 97.9 948 99.9 999 99.6 99.0 984 95.1
Swedish 99.5 985 97.6 945 87.6 54.1 99.6 99.6 99.3 98.8 97.6 92.7 99.5 993 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 99.7 985 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 9877 97.7 93.4100.1 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 99.7 985 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 99.4 989 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 97.5 945 99.9 99.6 99.7 99.2 97.8 94.5
Turkish 99.3 98.5 98.4 943 83.9 58.8 99.7 99.6 99.1 98.6 98.0 925 99.6 994 994 979 96.1 92.0
Persian 99.0 98.8 97.3 943 84.4 457 99.5 994 984 97.8 96.2 92.8 995 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 9877 97.0 929 99.7 99.5 99.1 98.6 97.0 924
Hindi 99.4 98.8 97.4 943 83.8 569 99.6 99.2 99.0 983 96.3 92.1 999 994 99.0 98.4 96.4 923
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 82.5 482 99.8 99.6 99.2 99.0 97.5 92.8 99.8 99.7 994 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 99.2 983 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 97.4 934 999 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 92.8 999 99.6 99.5 98.8 97.1 934
Slovak 99.6 97.3 97.2 943 83.0 47.6 999 99.0 98.9 993 989 95.0 999 99.6 98.9 982 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 93.4 995 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 90.5 999 99.5 989 97.8 96.3 914
Slovenian 98.9 97.7 96.5 94.6 81.9 42.1 99.1 98.7 98.5 99.2 982 942 99.6 994 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 99.0 989 91.5 999 99.1 999 98.8 97.9 919
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 81.1 453 100.9 99.5 99.2 98.7 95.8 90.6 100.4 99.5 99.6 982 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 99.7 994 985 97.8 95.8 89.4 100.2 99.3 98.7 98.0 959 90.9
Georgian 99.2 98.8 959 91.8 77.9 352 99.7 99.1 98.6 99.1 97.1 904 99.7 99.8 99.6 99.2 97.1 929
Kazakh 99.0 979 95.6 93.0 76.4 38.3 999 993 989 98.7 969 91.3 99.8 999 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 99.0 989 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 «, and token . Averaged across
Belebele, GlobalMMLU, XCOPA, XStoryCloze, Translation. Per-language mean across available tasks, then mean
across languages within tier. Part 1: tiers TS-T3.
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Qwen3.5
Standard Global « Token «

Tier/Language Retr; Rets Rets Rety Rets Retz Ret; Rets Rets Rety Rets Retz Ret; Rets Rets Rets Rets Rets

T2 99.6 98.3 95.9 90.5 75.8 42.1 99.7 99.5 98.6 97.4 942 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
Swabhili 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 99.4 985 97.2 88.8 99.4 99.4 994 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 98.5 983 95.1 88.8
Ambharic 99.6 98.2 93.6 86.6 70.9 37.6 100.0 99.1 979 974 92.1 81.1 99.9 989 98.1 97.4 93.6 83.9
Hausa 99.7 98.4 959 88.2 73.0 454 99.7 98.8 98.2 96.5 90.7 80.5 99.6 98.8 98.3 959 93.5 84.4
Tigrinya 99.5 97.2 94.5 88.3 69.0 35.1 99.5 98.1 95.8 955 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 98.3 982 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 98.6 955 92.3 82.1
Wolof 99.9 96.7 95.0 88.2 78.0 45.6 97.7 982 97.1 922 88.1 76.5 993 99.2 96.2 94.3 90.8 77.2

T1 99.2 97.9 95.7 90.3 749 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 99.4 972 96.9 92.7 80.2 42.2 99.8 100.3 99.6 99.1 98.2 93.4 999 99.2 994 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 99.3 994 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 99.6 994 994 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 99.2 985 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 99.3 985 98.6 96.0 92.1 80.6 99.4 984 979 95.6 92.9 83.5
Igbo 99.8 97.6 95.3 88.2 74.0 43.9 100.0 98.4 98.1 959 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 97.7 945 93.3 883 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 99.6 979 972 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 98.7 994 979 94.1 91.6 79.6
Oromo 99.2 955 94.1 86.9 66.6 40.8 989 989 953 914 85.6 70.2 983 974 962 939 89.1 75.2
Luganda 97.8 98.0 94.6 88.5 74.9 459 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 97.1 942 89.4 82.1 67.4 442 97.6 99.1 96.3 933 87.8 752 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 97.7 959 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 «, and token «. 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 «
Tier/Language Retr Rets¢ Rets Rets Rets; Rete Retr Rets Rets Rety Rets Rets
T5 99.7 99.2 979 957 904 732 99.7 992 979 959 909 752
English 99.8 99.2 982 962 919 78.0 99.8 99.2 982 96.6 92.1 79.8
French 99.5 99.1 970 952 909 723 99.5 99.1 976 955 91.0 743
Spanish 1000 994  99.1 973 915 78.6 1000 994 989 964 924 79.6
German 99.3 984 973 952 902 70.7 99.3 984 973 957 91.0 726
Chinese (S.) 99.7 99.5 982 96.0 908 745 99.7 99.5 984 963 9l1.1 77.0
Arabic 99.8 99.1 970 95.1 87.7 68.8 99.8 99.1 969 950 888 709
Japanese 100.1  99.6 982 95.1 890.8 695 100.1 99.6 980 954 902 72.1
T4 99.7 989 976 953 89.7 70.7 99.7 989 979 955 905 731
Catalan 99.8 99.2  98.1 96.5 922 742 99.8 99.2 986 956 926 759
Italian 99.6 98.8 971 96.1 925 79.0 99.6 988 97.6 957 925 787
Croatian 99.7 994 984 950 893 69.2 99.7 994 977 957 900 728
Turkish 99.3 98.6 990 97.1 921 744 99.3 98.6 977 96.7 928 78.1
Portuguese 100.1 995 97.7  96.1 894 709 100.1 995 983 968 90.7 747
Swedish 99.7 98.9 979 951 89.6  69.9 99.7 989 97.8 953 89.6 728
Vietnamese 99.4 99.0 978 948 903 723 99.4 99.0 977 956 905 753
Russian 1000 99.0 982 963 910 748 100.0 99.0 986 962 91.1 757
Hungarian 1000 987 97.7 956 909 698 1000 987 988 966 92,6 717
Czech 99.7 99.0 973 949 88.6 70.1 99.7 99.0 975 952 89.0 724
Serbian 99.6 984 964 933 870 654 99.6 984 970 939 88.1 685
Finnish 99.9 993 979 960 894 69.7 99.9 993 984 965 925 726
Dutch 99.5 984 974 951 902 712 99.5 984 9777 945 895 744
Polish 99.4 99.1 977 947 893 689 99.4 99.1 977 957 90.1 71.1
Basque 99.8 98.8 981 952 885 70.1 99.8 98.8 977 957 90.7 720
Korean 99.4 98.1 970 946 884 673 99.4 98.1 972 942 887 69.0
Hindi 99.4 98.8 969 948 88.6 70.7 99.4 98.8 982 960 900 74.1
Persian 99.8 989 967 937 869 638 99.8 989 974 936 882 659
T3 99.6 98.8 974 948 888 672 99.6 98.8 977 953 89.6 70.7
Afrikaans 99.7 99.3 989 958 89.6 68.7 99.7 993 983 955 899 716
Danish 1000 99.0 983 965 925 754 1000 990 981 974 926 778
Bulgarian 100.0  99.2 976 955 908 718 1000 992 983 965 913 755
Indonesian 99.6 99.0 981 957 904 764 99.6 99.0 982 961 915 784
Slovak 99.6 99.6 989 964 913 749 99.6 99.6 988 969 91.7 775
Estonian 99.1 99.2 979 953 91.0 737 99.1 992 987 961 91.1 753
Latvian 99.2 98.7 975 947 89.0 66.1 99.2 98.7 975 951 905 69.6
Romanian 99.8 993 976 95.1 89.6 69.4 99.8 993 970 944 90.1 719
Slovenian 99.4 982 968 959 91.0 69.7 99.4 982 970 957 91.8 73.1
Filipino 99.9 98.0 967 934 885 678 99.9 98.0 972 939 89.1 69.7
Cebuano 98.7 985 956 928 868 663 98.7 985 968 928 869 69.6
Malay 99.3 985 970 944 874 672 99.3 985 973 943 881 70.1
Ukrainian 99.6 98.8 97.6 94.1 87.8 67.0 99.6 98.8 975 952 884 705
Hebrew 99.8 98.6 969 942 874 620 99.8 98.6 970 938 873 66.7
Greek 1003 986 97.8  96.1 89.5 66.7 1003 98.6 98.1 95.7 902 728
Lithuanian 99.8 98.7 968 93.1 85.0 643 99.8 98.7 976 93,6 865 662
Thai 99.8 99.7 979 964 91.6 745 99.8 99.7  98.1 974 924 753
Uzbek 99.7 98.6 963 925 848 552 99.7 98.6 973 945 88.6 642
Georgian 99.8 98.6 965 948 875 613 99.8 98.6 969 949 882 645
Tamil 99.6 996 979 969 913 694 99.6 99.6 99.1 96.8 90.8 7338
Urdu 100.0 988 972 93.1 864 587 100.0 988 977 937 86.1 604
Kazakh 100.1 993 967 934 865 557 100.1 993 978 956 89.0 653
Bengali 99.0 974 968 943 866 642 99.0 974 974 951 882 67.0

Table 16: Retention (%) at r=7..2 for Gemma4 under top-k reduction and global «. 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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Gemmad

Standard Global
Tier/Language Ret~ Rets¢ Rets Retsy Rets Retz Rety Rets Rets Rety Rets Reto
T2 99.5 983 962 919 838 61.0 995 983 968 929 851 647
Maltese 99.2 99.0 97.0 933 855 627 99.2 99.0 962 935 877 662
Icelandic 98.8 97.1 968 943 893 688 988 97.1 963 942 888 712
Swahili 99.2 983 967 942 882 71.8 99.2 983 971 949 881 740
Marathi 1003 993 985 956 878 581 1003 993 994 964 882 66.8
Punjabi 99.2 98.7 975 940 857 577 992 98.7 968 953 884 61.0
Haitian Creole  100.8 994 975 944 87.6 68.6 1008 994 985 950 894 727
Lao 98.7 99.2 964 919 861 603 98.7 99.2  96.1 935 855 627
Ambharic 99.9 97.0 951 899 821 556 999 97.0 962 920 81.8 61.8
Xhosa 99.7 984 945 893 796 577 99.7 984 972 91.6 832 616
Zulu 1003 99.7 965 921 858 61.8 1003 99.7 974 909 823 642
Hausa 98.9 95.8 935 877 799 56.8 989 95.8 951 909 815 613
Tswana 98.7 969 956 913 79.0 587 987 969 953 892 781 61.6
Tigrinya 99.0 96.7 938 881 758 463 99.0 96.7 945 902 81.0 493
Yoruba 99.2 984 958 90.1 80.7 60.8 99.2 984 96.0 909 843 643
Wolof 100.7 1000 984 919 833 68.8 100.7 1000 995 955 878 724
T1 99.4 98.0 96.0 922 840 595 994 98.0 965 929 851 632
Norwegian 99.5 982 977 958 91.8 73.1 995 982 985 963 932 783
Macedonian 99.4 99.2 982 959 904 693 994 99.2 983 949 917 741
Albanian 100.0 987 978 954 892 669 1000 987 969 949 899 69.7
Armenian 99.1 994 977 947 866 620 99.1 994 97.0 945 866 652
Malayalam 99.3 983 962 91.0 856 576 993 983 965 93.1 851 644
Gujarati 99.8 97.1 964 923 864 557 99.8 97.1 96.1 927 882 615
Javanese 1000 979 962 908 826 602 1000 979 962 91.6 825 62.7
Tajik 99.0 97.7 96.1 915 80.7 548 99.0 97.7 963 922 846 614
Kannada 100.8 97.7 957 946 876 573 1008 977 96.8 943 87.0 65.1
Telugu 99.5 984 957 939 874 638 995 984 976 943 887 66.6
Nepali 99.3 97.8 96.0 935 848 612 993 97.8 972 933 86.0 64.7
Khmer 99.2 99.1 977 93.0 868 60.7 99.2 99.1 965 951 87.1 652
Kurdish 99.2 959 943 91.1 802 533 992 959 947 918 820 564
Sundanese 98.3 979 955 926 81.7 534 983 979 96.1 919 837 595
Oriya 99.4 97.8 96.1 93.0 829 498 994 97.8 978 954 847 55.6
Azerbaijani 98.7 97.8 969 945 850 614 987 97.8 976 956 864 60.7
Mongolian 98.9 98.7 965 90.6 824 605 989 98.7 959 925 86.1 61.8
Sinhala 100.1 986 962 930 835 582 1001 986 971 928 858 59.8
Burmese 99.3 98.5 964 943 865 638 993 98.5 98.1 948 88.0 66.7
Assamese 98.7 97.1 96.8 939 84.6 507 98.7 97.1 981 948 86.8 6l1.1
Pashto 100.8 983 947 90.7 81.8 565 1008 983 956 90.8 81.5 56.1
Kyrgyz 99.6 98.7 973 933 854 590 99.6 98.7 98,6 943 854 6l1.1
Malagasy 99.1 977 954 902 826 585 99.1 977 962 919 846 613

Southern Sotho  98.7 959 938 904 803 548 98.7 959 925 90.0 828 59.6
Kinyarwanda 98.7 98.8 959 925 81.0 500 98.7 98.8 967 912 828 572

Somali 100.0  97.7 967 90.6 826 593 1000 977 969 914 850 634
Shona 99.1 97.6 941 916 831 590 99.1 976 955 918 834 625
Chichewa 99.4 97.1 947 914 843 620 994 97.1 947 91.0 820 654
Igbo 99.5 969 93.6 902 80.5 597 995 969 964 90.6 79.0 65.1
Maori 98.3 969 937 899 845 618 983 969 950 90.7 799 640
Guarani 100.1  99.1 955 927 873 721 100.1 991 960 924 884 709
Swati 1007  99.0 976 906 780 533 1007 990 99.0 91.8 81.6 56.7
Oromo 99.5 1004 974 928 873 588 995 1004 975 954 848 60.6
Lingala 99.0 99.6 981 937 847 632 99.0 99.6 97.1 925 86.1 699
Luganda 1014 976 969 914 805 625 1014 976 97.8 950 84.0 623
Tibetan 97.3 954 931 872 772 532 973 954 942 903 774 548
Bambara 99.6 963 93.6 867 814 645 99.6 963 924 904 845 678
Avg 99.5 985 96.8 935 866 645 995 985 972 941 875 678

Table 17: Retention (%) at r=7..2 for Gemma4 under top-k reduction and global .. 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 « Token «

Tier/Language Ret; Rets Rets Rets Rets Reta Rety Rets Rets Rets Rets Reta Ret; Rets Rets Rets Rets Reto

TS 99.5 98.9 97.0 91.7 71.4 24.6 99.8 99.7 99.0 97.8 959 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 74.1 249 99.7 993 989 98.1 959 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 92.9 785 99.8 994 984 96.4 93.5 80.3
Portuguese  99.4 99.0 96.9 89.6 71.5 25.7 99.5 99.6 99.1 983 96.2 883 99.5 99.6 989 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 94.7 844 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 99.5 984 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 999 98.8 96.9 89.5 68.4 229 999 99.0 984 96.5 94.6 84.0 100.1 99.2 98.4 97.0 94.9 86.7
Hungarian 999 98.8 94.0 84.3 61.3 24.1 100.0 99.8 98.6 96.4 925 739 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 97.2 924 83.2 58.3 23.0 994 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 99.4 994 98.8 97.2 942 82.2
Polish 99.2 98.2 96.1 88.5 68.8 23.2 994 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 99.5 994 97.9 96.0 90.5 71.4 99.9 994 98.2 955 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 1003 99.2 979 95.8 91.0 743 99.5 99.1 98.3 959 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 99.2 974 94.0 85.0 60.3 22.9 99.5 99.1 97.5 952 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 97.7 949 91.0 754 99.5 98.6 97.5 95.7 91.4 734
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 98.3 954 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 94.1 782 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 23.0 999 994 983 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 99.9 994 982 96.8 93.2 79.1 994 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 69.6 999 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 92.7 754 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 99.2 985 97.7 95.1 90.1 71.5 99.4 98.5 97.7 95.2 91.0 744
Lithuanian ~ 98.6 97.3 93.2 82.1 599 22.6 98.6 984 97.0 949 89.2 728 98.6 982 973 944 893 71.3
Cebuano 99.1 95.3 90.3 81.6 58.7 244 995 97.6 96.6 93.7 84.2 62.3 994 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 99.5 989 964 932 87.9 70.0 99.2 982 96.5 93.0 87.8 72.0
Bengali 99.5 96.9 92.5 80.9 554 223 99.1 984 97.0 944 87.1 654 99.6 98.4 96.5 93.4 874 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 91.7 854 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 974 964 914 80.8 51.1 23.3 984 98.9 949 90.7 83.1 60.5 98.6 984 959 90.2 854 59.4

Georgian 99.7 97.0 92.8 81.8 47.3 243 99.7 99.6 96.1 934 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 «, and token «.. 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 TS-T3.
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Qwen3
Standard Global « Token «

Tier/Language Ret; Rets Rets Rets Rets Retz Ret; Rets Rets Rets Rets Reta Ret; Rets Rets Rets Rets Reto

T2 99.3 96.6 90.7 78.6 52.2 27.2 98.9 98.0 953 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 96.5 919 849 61.5 99.1 97.4 952 91.1 83.8 60.8
Punjabi 99.1 96.9 90.5 75.6 51.2 239 99.3 982 95.1 92.1 859 60.2 99.8 97.7 94.0 89.9 83.6 55.4
Icelandic 99.2 97.0 929 82.0 544 27.1 97.8 98.7 96.4 91.7 829 61.8 98.0 98.1 949 90.5 81.4 65.6
Maltese 100.1 96.7 91.1 79.4 542 27.3 99.5 97.9 953 90.4 80.0 59.3 100.4 97.7 94.2 88.4 80.4 55.4
Lao 99.6 97.9 904 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 87.9 784 59.7 98.2 97.2 95.0 87.4 77.3 61.5
Swahili 98.8 95.1 89.1 75.5 52.6 345 98.1 964 92.1 86.6 78.1 49.4 993 959 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 84.2 584 99.2 97.8 954 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 91.7 785 514 189 982 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 81.0 549 25.6 99.2 983 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 90.1 754 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 95.2 889 74.6 47.5 223 99.2 97.8 939 88.1 79.3 50.9 99.0 97.1 91.8 86.5 80.0 52.3

Azerbaijani 98.8 97.1 924 799 56.5 247 99.5 99.2 959 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 97.8 954 90.8 82.5 58.5 98.7 97.7 953 91.0 80.4 59.0
Assamese 98.9 96.6 89.4 759 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 79.3 539 989 97.6 96.6 94.2 83.8 53.5
Sinhala 99.2 95.1 87.3 735 47.5 26.8 99.0 964 92.8 86.4 77.0 47.7 99.7 96.2 93.2 87.6 76.3 46.7
Tajik 98.3 969 914 77.1 46.1 27.6 984 96.3 919 87.0 77.5 51.1 97.8 954 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 99.5 989 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 «, and token «.. 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 Token o
Tier/Language Ret; Rets Rets Rety Rets Reta Ret; Rets Rets Rets Rets Retz Ret; Rets Rets Rets Rets Rete
TS5 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 99.1 994 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 99.7 999 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 99.7 979 942 99.9 99.7 99.7 99.3 98.8 96.2
Swedish 99.4 98.4 97.4 944 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 97.7 952 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 99.3 994 989 97.8 955
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 82.3 489 99.9 99.3 99.3 99.1 97.5 939 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 82.0 449 99.9 99.7 99.5 99.3 98.1 93.9 999 99.7 99.7 99.3 98.1 944
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 98.6 954
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 99.5 994 985 96.4 922 999 99.8 99.3 983 97.3 929
Slovak 99.6 97.3 97.2 94.3 83.0 47.6 99.9 99.0 98.9 99.3 989 95.0 99.9 99.6 989 98.2 98.6 95.6
Ukrainian 99.4 979 97.4 92.0 84.0 51.0 100.0 99.9 99.9 99.3 98.4 94.7 999 99.5 1009 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 99.1 983 97.2 91.6 80.6 41.6 99.7 99.7 99.2 99.0 98.4 934 995 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 98.2 942 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 81.1 453 100.9 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 97.2 942 81.4 45.1 99.7 99.3 98.6 98.3 96.9 91.0 100.4 99.4 989 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 77.9 352 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 98.7 969 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 99.9 989 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 «, and token . 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 « Token «

Tier/Language Ret; Retg Rets Rets Rets Retz Ret; Rets Rets Rets Rets Retas Ret; Retg Rets Rets Rets Reto

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 97.9 954 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 99.4 985 97.2 88.8 99.4 994 994 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 99.5 985 94.1 912 76.4 425 99.8 99.1 98.1 97.6 95.7 87.0 98.8 99.8 98.5 983 95.1 88.8
Hausa 99.9 989 96.9 88.5 72.3 42.1 99.8 989 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 95.8 955 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 99.1 994 97.3 969 90.3 81.8 99.3 983 982 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 98.8 953 919 81.3
Wolof 99.9 96.7 95.0 88.2 78.0 45.6 97.7 98.2 97.1 922 88.1 76.5 993 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 99.7 994 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 85.1 459 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 99.4 972 96.9 92.7 80.2 42.2 99.8 100.3 99.6 99.1 98.2 934 999 99.2 994 993 979 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 99.4 989 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 97.4 952 889 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 97.1 952 90.5 993 994 99.0 97.9 95.6 90.9
Sinhala 98.8 98.4 952 90.1 77.5 342 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 99.5 994 982 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 99.6 994 994 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 98.4 953 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 99.8 989 94.4 86.3
Burmese 99.1 95.8 95.590.5 76.2 37.1 99.8 99.8 99.2 99.2 96.4 89.5 100.4 99.3 99.4 98.9 97.9 914
Mongolian 99.2 97.9 96.1 89.5 65.3 32.3 99.9 1004 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 99.6 989 97.9 969 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 93.9 844
Shona 98.8 97.1 95.7 89.1 71.2 37.1 993 98.6 99.3 97.1 93.7 81.2 99.7 984 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 98.4 979 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 40.4 983 97.8 94.7 92.6 87.7 73.1 98.8 97.7 945 93.3 883 774
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 99.0 989 955 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 78.3 987 994 979 94.1 91.6 79.6
Oromo 99.2 955 94.1 86.9 66.6 40.8 989 989 953 914 85.6 70.2 983 974 96.2 939 89.1 75.2
Luganda 97.8 98.0 94.6 88.5 749 459 995 97.6 96.8 94.6 87.5 76.0 98.6 98.8 97.8 96.7 90.6 79.9
Tibetan 97.1 942 89.4 82.1 67.4 442 97.6 99.1 963 933 87.8 752 99.6 96.2 97.0 949 89.0 73.9
Bambara 99.0 98.6 95.9 854 74.2 57.4 100.8 96.9 97.0 93.8 879 77.0 99.0 97.7 959 89.8 85.1 76.2
Avg 99.4 983 96.3 91.9 782 43.6 99.8 99.7 99.1 98.4 96.2 90.1 99.8 99.6 99.3 985 96.7 91.2

Table 21: Retention (%) at r=7..2 for Qwen3.5 under top-k reduction, global «, and token «. 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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Gemmad4

Standard Global «
Tier/Language Retr Rets¢ Rets Rets Rets; Rete Retr Rets Rets Rety Rets Rets
TS5 99.7 99.2 980 962 91.0 724 99.7 992 980 962 91.6 745
English 99.9 98.8 976 956 913 721 99.9 98.8 976 963 919 765
French 99.4 993 972 96.1 937 764 99.4 993 978 962 933 777
German 99.3 98.8 979 965 925 743 99.3 98.8  98.1 97.0 933 758
Arabic 99.7 993 970 958 87.6 658 99.7 993 968 954 89.1 682
Chinese (S.) 99.3 99.1 98.0 956 89.0 695 99.3 99.1 984 960 892 715
Spanish 1003 996 997 978 909 758 1003 99.6 99.0 964 920 770
Japanese 1003 99.8 988 957 91.7 729 1003 998 985 964 92.0 74.6
T4 99.6 99.0 978 957 90.6 71.1 99.6 99.0 98.1 96.0 914 738
Catalan 99.8 99.2  98.1 96.5 922 742 99.8 99.2 986 956 926 759
Portuguese 1002 99.7 982 973 923 752 1002 99.7 99.1 982 937 794
Swedish 99.6 99.1 982 962 925 747 99.6 99.1 983 964 922 772
Serbian 99.5 98.7 967 943 895 69.0 99.5 98.7 976 947 903 720
Czech 99.7 99.0 976 96.0 90.7 747 99.7 99.0 979 964 91.1 76.2
Croatian 99.7 994 984 950 893 69.2 99.7 994 977 957 90.0 728
Italian 99.1 985 968 954 918 764 99.1 985 968 952 922 77.1
Vietnamese 98.7 984 980 951 91.0 69.6 98.7 984 974 953 91.0 742
Turkish 99.3 982 989 96.1 903 674 99.3 982 972 959 906 729
Russian 100.5 993 984 969 929 758 1005 993 99.0 96.8 91.8 76.0
Hungarian 100.0 987 97.7 956 909 698 1000 987 988 966 92,6 717
Dutch 99.5 983 974 955 922 748 99.5 983 98.0 948 90.7 78.6
Finnish 99.9 99.3 979 960 894  69.7 99.9 99.3 984 965 925 726
Persian 100.1 992 97.1 948 89.6 67.0 100.1 992 985 947 909 68.7
Polish 99.4 99.6 982 954 913 723 99.4 99.6 980 96.8 925 742
Hindi 99.3 996 971 958 885 679 99.3 99.6 985 96.8 90.7 72.0
Korean 99.4 982 974 954 90.0 68.8 99.4 982 975 950 898 704
Basque 99.8 99.2 980 945 87.0 629 99.8 99.2 979 96.0 905 664
T3 99.7 989 976 95.1 892 672 99.7 989 979 955 900 70.8
Afrikaans 99.7 99.3 989 958 89.6 68.7 99.7 993 983 955 899 716
Danish 100.0  99.0 983 965 925 754 1000 990 981 974 926 778
Romanian 99.7 99.7 980 96.1 920 727 99.7 99.7 972 952 924 751
Filipino 99.8 97.6 966 937 900 69.9 99.8 97.6 974 940 906 723
Bulgarian 100.0 992 976 955 908 718 1000 992 983 965 913 755
Malay 99.4 98.8 974 955 894 704 99.4 98.8 98.1 951 89.8 728
Hebrew 100.L0 989 976 954 900 644 1000 989 977 946 89.8 69.6
Indonesian 99.5 99.1 987 965 912 717 99.5 99.1 984 96.6 916 748
Slovak 99.6 99.6 989 964 913 749 99.6 99.6 988 969 91.7 775
Latvian 99.2 987 975 947 89.0 66.1 99.2 98.7 975 951 905 69.6
Ukrainian 99.8 99.2 982 949 894 702 99.8 99.2  98.1 96.5 90.0 7338
Greek 100.7 988 98.7 97.7 921 71.1 100.7 988 99.1 97.0 925 782
Lithuanian 100.0 989 975 938 867 680 1000 989 98.1 943 887 694
Slovenian 99.4 982 968 959 91.0 69.7 99.4 982 970 957 918 731
Estonian 98.8 98.8 978 943 89.1 68.8 98.8 98.8 978 957 900 718
Cebuano 98.7 98.5 956 928 86.8 663 98.7 985 968 928 869 69.6
Uzbek 99.7 98.6 963 925 848 552 99.7 98.6 973 945 886 642
Bengali 98.9 974 9777 957 88.1 656 98.9 974 982 962 89.6 682
Georgian 99.8 98.6 965 948 875 613 99.8 98.6 969 949 882 645
Urdu 1000 988 972 93.1 864 587 1000 988 977 937 86.1 604
Thai 99.7 99.6 979 96.1 895 679 99.7 99.6 980 973 906 682
Kazakh 100.1 993 967 934 865 557 100.1 993 978 956 89.0 653
Tamil 99.7 99.8 972 954 886 612 99.7 99.8 986 954 876 655

Table 22: Retention (%) at r=7..2 for Gemma4 under top-k reduction and global .. 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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Gemmad

Standard Global
Tier/Language Ret~ Rets¢ Rets Retsy Rets Retz Rety Rets Rets Rety Rets Reto
T2 99.5 982 962 916 836 598 995 98.2 968 928 848 63.8
Maltese 99.2 99.0 97.0 933 855 627 99.2 99.0 962 935 877 662
Swahili 99.5 98.2 965 933 86.7 650 995 98.2 97.0 942 857 685
Icelandic 98.8 97.1 96.8 943 893 68.8 98.8 97.1 963 942 888 712
Marathi 1003 993 985 956 878 581 1003 993 994 964 882 66.8
Punjabi 99.2 98.7 975 940 857 577 992 98.7 968 953 884 61.0
Haitian Creole  100.7 989 96.8 928 84.8 62.7 1007 989 976 938 86.0 664
Lao 98.7 99.2 964 919 861 603 98.7 99.2  96.1 935 855 627
Ambharic 100.1 96,5 953 894 831 547 1001 965 965 924 81.7 619
Hausa 98.9 95.1 931 86.7 803 555 989 95.1 954 90.8 824 6l.1
Xhosa 99.7 98.4 945 893 79.6 577 99.7 984 972 916 832 61.6
Zulu 1003 99.7 965 92.1 858 61.8 1003 997 974 909 823 0642
Tswana 98.7 969 956 913 79.0 587 987 969 953 892 781 61.6
Tigrinya 99.0 96.7 938 881 758 463 99.0 96.7 945 902 81.0 493
Yoruba 98.7 98.6 96.0 902 809 58.6 98.7 98.6 96.0 90.1 852 626
Wolof 100.7 1000 984 919 833 68.8 100.7 1000 995 955 878 724
T1 99.4 979 960 922 841 586 994 979 96.6 929 851 625
Norwegian 99.5 982 977 958 91.8 73.1 995 982 985 963 932 783
Macedonian 99.4 99.2 982 959 904 693 994 99.2 983 949 917 741
Albanian 100.0 987 978 954 892 669 1000 987 969 949 899 69.7
Armenian 99.1 994 977 947 866 620 99.1 994 97.0 945 866 652
Malayalam 99.3 983 962 91.0 856 576 993 983 965 93.1 851 644
Gujarati 99.8 97.1 964 923 864 557 99.8 97.1 96.1 927 882 615
Nepali 99.6 97.8 963 945 862 625 99.6 97.8 98.0 942 875 66.1
Javanese 100.0 979 962 908 826 602 1000 979 962 91.6 825 627
Telugu 99.9 98.7 96.1 949 878 549 999 98.7 984 944 894 593
Tajik 99.0 97.7 96.1 915 80.7 548 99.0 97.7 963 922 846 614
Sinhala 1003 984 968 945 848 577 1003 984 97.8 937 87.8 589
Kannada 100.8 97.7 957 946 876 573 100.8 977 96.8 943 87.0 65.1
Khmer 99.2 99.1 977 93.0 86.8 60.7 99.2 99.1 965 951 871 652
Kurdish 99.2 959 943 91.1 802 533 992 959 947 918 820 564
Sundanese 98.3 979 955 926 81.7 534 983 979 96.1 919 837 595
Oriya 99.4 97.8 96.1 93.0 829 498 994 97.8 978 954 847 556
Azerbaijani 98.7 97.8 969 945 850 614 987 97.8 976 956 864 60.7
Mongolian 98.9 98.7 965 906 824 605 989 98.7 959 925 86.1 61.8
Assamese 98.7 97.1 968 939 846 507 987 97.1 981 948 86.8 61.1
Kyrgyz 99.5 989 98.0 936 872 60.1 99.5 989 995 951 873 610
Pashto 100.8 983 947 90.7 81.8 565 1008 983 956 90.8 81.5 56.1
Burmese 99.1 98.1 954 922 827 534 99.1 98.1 978 929 851 564
Malagasy 99.3 97.8 958 90.7 847 581 993 97.8 96.6 925 86.0 61.8

Southern Sotho  98.7 959 938 904 803 548 98.7 959 925 90.0 828 59.6
Kinyarwanda 98.7 98.8 959 925 81.0 500 98.7 98.8 967 912 828 572

Somali 1004 975 967 905 841 592 1004 975 974 916 86.7 647
Shona 98.6 96.8 93.1 921 844 580 98.6 96.8 951 922 843 622
Chichewa 99.4 964 942 909 852 615 994 9.4 941 908 81.0 659
Igbo 99.2 96.5 927 900 80.5 592 992 9.5 971 906 779 654
Maori 98.3 969 937 899 845 618 983 969 950 90.7 799 640
Swati 1007 99.0 976 906 780 533 1007 990 99.0 918 81.6 56.7
Guarani 1003 982 942 90.7 832 594 1003 982 943 909 835 584
Oromo 99.5 1004 974 928 873 588 995 1004 975 954 848 60.6
Lingala 99.0 99.6 981 937 847 632 99.0 99.6 97.1 925 86.1 699
Luganda 1014 976 969 914 805 625 1014 976 97.8 950 84.0 623
Tibetan 97.3 954 931 872 772 532 973 954 942 903 774 548
Bambara 99.6 963 93.6 867 814 645 99.6 963 924 904 845 678
Avg 99.6 985 968 937 869 640 99.6 985 973 943 878 675

Table 23: Retention (%) at r=7..2 for Gemma4 under top-k reduction and global .. 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 « Token «

Tier/Language r=8 r=4 Rety r=3 Ret3 r=2 Retz r=8 r=4 Rety r=3 Rets r=2 Rety r=8 r=4 Rety r=3 Retg r=2 Rety

T5 89.1 794 89.1 57.0 63.8 253 284 89.1 86.7 97.3 849 952 744 834 89.1 86.8 974 847 951 773 86.7
English 91.8 859 936 67.1 73.1 262 28.6 91.8 89.6 97.6 89.4 97.5 833 90.8 91.8 90.3 984 894 975 86.0 93.7
French 90.6 77.8 859 57.6 63.6 25.1 27.7 90.6 89.1 984 87.1 962 74.8 82.6 90.6 89.6 989 86.4 955 78.6 86.7
German 90.1 80.7 89.5 594 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 84.4 937 77.0 85.5
Chinese (S.) 89.7 81.0 90.3 63.0 70.3 26.3 29.4 89.7 87.0 97.0 854 953 774 86.4 89.7 86.6 96.5 853 952 80.1 89.3
Spanish 88.3 799 90.4 562 63.6 22.0 249 883 869 984 83.6 94.6 72.8 824 883 864 979 842 953 749 848
Arabic 87.7 759 86.6 46.3 529 27.0 30.8 87.7 844 963 83.1 94.8 68.7 783 87.7 853 97.3 83.0 94.7 72.6 828
Japanese 85.7 74.6 87.0 492 57.5 257 30.0 857 82.8 96.6 79.3 92.6 69.7 81.3 857 829 96.8 80.3 93.8 71.9 83.9

T4 85.7 70.6 822 46.7 544 24.6 28.8 857 81.7 952 78.1 91.0 629 732 857 814 949 787 91.7 664 71.3
Portuguese  90.0 76.4 849 524 583 253 281 90.0 87.8 97.5 852 947 752 83.6 90.0 86.8 964 86.4 96.0 76.7 85.2
Catalan 89.1 78.1 87.7 529 594 234 263 89.1 86.1 96.6 83.7 939 71.7 804 89.1 862 96.8 823 924 73.7 82.7
Italian 88.7 83.1 93.7 61.6 694 230 259 887 86.2 972 839 94.6 74.6 84.1 887 86.0 97.0 83.7 944 789 89.0
Dutch 88.7 76.0 857 499 563 23.6 26.6 88.7 853 962 82.7 932 68.1 76.8 88.7 85.7 96.6 83.7 944 72.1 813
Croatian 88.6 74.1 83.7 46.0 519 22.0 24.8 88.6 822 92.8 782 883 61.7 69.6 88.6 82.8 935 782 883 66.3 74.9
Russian 88.6 77.7 87177 52.8 59.6 252 285 88.6 86.2 974 82.0 92.6 69.8 788 88.6 86.2 974 83.0 93.7 76.0 858

Swedish 88.2 76.6 86.8 50.2 56.9 26.7 302 88.2 859 974 823 933 66.6 754 882 856 97.0 822 932 68.7 77.8
Vietnamese 88.0 753 85.6 50.7 57.6 26.1 29.7 88.0 843 95.8 82.8 94.1 71.8 81.6 88.0 84.6 96.1 83.0 943 742 843

Czech 86.9 74.1 853 47.0 54.1 259 29.8 869 84.0 96.7 80.1 922 62.8 723 869 829 954 81.8 94.1 659 758
Polish 86.8 69.9 80.5 48.0 553 23.0 26.5 86.8 82.1 94.6 763 88.0 61.6 70.9 86.8 81.7 94.1 79.1 91.2 64.8 74.6
Serbian 86.6 67.8 783 382 442 239 276 86.6 81.9 946 77.1 89.1 61.1 70.6 86.6 82.1 949 782 904 64.1 74.1
Korean 86.3 749 86.7 51.7 59.8 262 304 863 83.6 968 81.0 93.8 67.3 78.0 86.3 83.9 972 80.8 93.6 71.9 833
Hungarian 852 64.7 759 419 492 249 292 852 80.6 945 772 90.6 56.1 65.8 852 80.9 949 793 93.1 583 684
Finnish 84.0 65.1 77.5 412 49.1 243 29.0 84.0 80.1 954 743 885 559 66.5 84.0 794 946 75.1 894 609 725
Turkish 83.0 634 764 394 475 239 28.8 83.0 784 945 753 90.8 57.7 69.5 83.0 79.1 953 74.7 90.0 60.3 72.7
Persian 827 594 719 409 495 248 30.0 827 79.0 956 73.6 89.0 559 67.6 82.7 774 93.7 744 90.1 574 69.5
Basque 7577 553 73.1 348 46.0 24.0 31.7 757 658 86.9 624 825 423 559 757 63.6 840 62.6 82.7 49.8 65.8
Hindi 753 589 782 412 547 262 348 753 703 934 669 888 524 69.6 753 70.7 93.8 67.3 89.4 549 729
T3 83.5 66.7 79.7 422 50.5 249 30.0 83.5 78.0 93.4 73.1 874 557 664 835 781 934 735 87.8 58.0 69.1
Romanian 88.4 744 842 49.1 555 223 253 884 84.1 951 80.8 913 64.7 73.1 88.4 847 957 81.0 91.6 682 77.1
Danish 88.2 73.7 835 469 53.1 253 287 882 84.0 952 80.1 90.8 644 73.0 882 83.6 947 81.1 919 672 762
Indonesian 882 72.2 819 49.1 557 25.6 29.0 882 859 974 814 923 71.8 81.4 882 851 96.5 82.1 93.1 70.8 80.2
Slovak 879 71.8 81.7 452 51.5 234 26.7 879 829 943 79.8 90.8 60.6 68.9 879 83.7 952 80.6 91.7 652 742

Bulgarian 87.8 73.3 835 48.0 54.7 26.6 30.3 87.8 83.9 95.6 80.7 919 646 73.5 87.8 834 951 79.8 909 672 76.6
Afrikaans 87.2 722 828 44.1 50.6 26.7 30.6 87.2 80.0 91.7 76.4 87.6 579 66.4 872 81.3 932 76.7 879 57.7 66.1
Slovenian 872 694 79.6 379 434 238 273 872 809 927 751 86.1 543 623 872 814 934 77.0 883 59.1 67.8
Greek 872 729 83.6 484 555 25.1 28.8 872 83.0 952 793 91.0 61.4 704 872 84.1 96.4 81.7 93.6 61.6 70.6
Latvian 86.7 66.1 763 413 47.7 25.1 29.0 86.7 80.2 92.6 75.8 874 53.7 619 86.7 809 933 757 873 57.8 66.7
Ukrainian 86.7 73.3 84.6 45.1 52.1 25.1 29.0 86.7 83.0 958 784 90.5 62.1 71.7 86.7 83.0 958 80.1 924 68.0 78.5
Lithuanian 862 629 729 39.9 463 24.0 27.8 862 792 919 74.0 858 57.1 66.2 862 79.7 924 743 86.2 58.1 67.4

Malay 86.1 70.6 819 514 59.7 23.1 26.8 86.1 83.1 965 79.3 92.1 653 759 86.1 824 957 804 934 67.6 78.5
Filipino 84.8 68.7 81.0 423 499 238 28.0 84.8 80.2 94.6 74.8 882 53.0 62.5 84.8 80.3 948 74.6 879 56.0 66.1
Hebrew 84.1 64.6 76.8 384 457 250 29.7 84.1 80.9 962 743 884 592 704 84.1 812 96.6 75.1 89.3 61.7 733
Thai 83.7 743 888 479 572 26.1 31.2 83.7 81.7 97.6 77.7 92.8 658 78.6 83.7 80.6 963 77.6 92.7 68.3 81.7
Estonian 822 644 784 403 49.1 24.1 293 822 742 903 68.6 834 50.7 61.6 822 739 899 682 83.0 53.3 649
Bengali 79.8 61.0 76.5 37.1 46.5 25.7 322 798 744 933 68.1 854 499 625 79.8 73.6 922 673 844 514 645
Cebuano 792 562 71.0 404 S51.1 242 30.6 792 714 902 622 785 41.8 52.7 792 71.7 90.5 63.3 79.9 46.7 589
Uzbek 782 61.4 78.6 38.7 49.4 269 344 782 68.6 87.6 643 822 492 629 782 693 88.6 622 79.5 452 578
Urdu 78.0 622 79.8 373 479 25.8 33.0 780 73.0 93.6 67.0 859 47.6 61.0 780 73.4 942 66.2 849 489 62.7
Tamil 75.1 56.1 747 348 463 237 315 751 67.6 89.9 63.7 84.8 458 609 751 674 89.8 62.6 833 453 60.4
Georgian 74.6 56.4 757 334 449 256 343 746 69.0 925 594 79.7 372 499 746 68.1 914 59.8 802 41.7 559
Kazakh 72.6 549 757 339 46.7 26.6 36.6 72.6 639 88.1 604 833 433 59.7 72.6 63.1 87.0 623 859 464 64.0

Table 24: Performance (%) and retention (Ret,.) at r=k=8 and r€{4, 3,2} for Qwen3 on Belebele under top-k
reduction, global «, and token «. 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 o Token o

Tier/Language r=8 r=4 Rety r=3 Retg3 r=2 Rety r=8 r=4 Rety r=3 Retg r=2 Ret; =8 r=4 Rety r=3 Rets r=2 Rety

T2 68.0 49.2 723 328 487 25.1 373 68.0 588 86.2 525 76.8 38.0 559 68.0 57.8 84.8 51.7 757 394 57.8
Icelandic 7777 59.1 76.1 352 454 257 33.0 77.7 70.1 90.3 623 80.3 432 557 77.7 683 88.0 589 758 46.1 594
Marathi 772 562 72.8 339 439 26.8 34.7 772 689 892 62.6 81.0 442 573 772 66.8 86.5 61.8 80.0 46.6 60.3
Punjabi 733 49.6 67.6 332 453 242 33.0 733 64.7 882 61.7 84.1 41.6 56.7 733 62.1 84.7 57.2 78.0 43.0 58.6
Lao 65.7 482 734 289 44.0 234 357 657 557 84.8 49.1 748 348 53.0 657 558 849 51.0 77.7 352 53.6
Maltese 64.0 46.6 727 33.0 51.6 24.1 37.7 640 552 863 469 733 37.0 57.8 640 542 847 481 752 35.1 549
Swabhili 59.1 42.6 720 332 562 28.1 47.6 59.1 49.0 829 43.6 73.7 30.1 509 59.1 48.6 82.1 439 742 333 564
Haitian Creole 59.0 422 71.6 323 54.8 23.1 392 59.0 483 819 41.7 70.6 354 60.1 59.0 48.6 823 40.7 689 363 61.6

T1 74.1 545 734 354 478 24.8 338 741 663 89.2 603 81.1 427 573 741 65.6 883 60.1 80.8 43.8 58.8
Norwegian 88.0 73.0 83.0 433 492 248 282 88.0 843 958 80.1 91.0 63.6 722 88.0 843 958 80.7 91.7 66.1 75.1
Albanian 833 642 77.1 430 51.6 227 272 833 774 929 712 855 537 644 833 763 91.6 71.1 853 548 65.7

Macedonian 829 64.0 77.2 40.0 483 242 292 829 79.0 953 732 883 56.0 67.6 829 78.6 94.8 739 89.1 582 702
Armenian 79.1 572 723 37.1 469 240 303 79.1 72.1 912 63.8 80.6 433 54.8 79.1 70.8 89.5 64.7 81.7 44.1 558

Javanese 77.1 54.6 70.7 374 48.6 25.8 334 77.1 708 91.8 634 823 449 582 77.1 72.0 934 623 80.8 42.0 54.5
Malayalam 77.1 544 70.6 37.1 48.1 25.6 33.1 77.1 66.8 86.6 62.1 80.5 453 58.8 77.1 659 854 62.7 813 444 57.6
Kannada 75.6 51.2 67.8 31.8 42.1 232 30.7 75.6 66.1 87.5 624 82.6 38.6 51.0 75.6 639 84.6 62.2 824 41.6 55.0
Azerbaijani 75.0 55.0 733 352 47.0 24.6 327 750 684 913 612 81.6 42.1 56.1 750 68.7 91.6 61.6 82.1 429 572
Gujarati 743 544 732 37.1 499 237 31.8 743 657 883 62.6 842 428 57.5 743 64.7 87.0 619 833 45.0 60.5
Oriya 733 49.7 67.7 32.1 438 253 345 733 60.8 829 550 750 37.6 512 733 59.1 80.6 55.0 75.0 40.6 553
Nepali 73.1 558 76.3 344 47.1 27.6 3777 731 66.4 90.9 584 799 39.6 54.1 73.1 64.7 884 57.8 79.0 423 579
Khmer 71.8 548 763 33.8 47.1 233 325 71.8 648 90.2 56.6 78.8 40.3 56.2 71.8 64.1 89.3 57.1 79.6 419 584
Sundanese 713 52.0 729 36.6 51.2 23.8 333 713 633 88.8 55.6 779 379 53.1 713 643 902 539 755 40.6 569
Telugu 702 51.6 734 312 445 262 373 702 623 88.8 57.8 823 36.6 52.1 702 60.0 854 58.1 82.8 37.8 53.8
Assamese 69.4 498 71.7 33.0 47.5 26.8 38.6 69.4 60.1 86.6 547 787 37.1 534 69.4 60.7 874 513 739 37.6 54.1
Sinhala 649 46.0 709 29.7 457 240 37.0 649 533 822 492 759 333 514 649 544 839 493 760 354 54.6
Tajik 63.6 459 722 328 51.6 259 40.7 63.6 53.4 84.1 482 759 37.6 59.1 63.6 522 822 464 73.1 36.0 56.6
Burmese 632 46.6 73.6 313 49.6 25.0 39.5 632 57.6 91.0 50.1 79.3 38.1 60.3 632 557 88.0 514 81.4 37.1 58.7
Avg 80.8 642 789 422 519 249 312 80.8 75.0 925 703 86.5 544 66.5 80.8 74.7 92.1 704 86.6 56.6 69.2

Table 25: Performance (%) and retention (Ret,.) at r=k=8 and r€{4, 3,2} for Qwen3 on Belebele under top-k
reduction, global «, and token «. 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 — Belebele

Standard Global « Token «

Tier/Language r=8 r=4 Rety r=3 Ret3 r=2 Rety r=8 r=4 Rety r=3 Retg r=2 Retz r=8 r=4 Rety r=3 Ret3 r=2 Rety

T5 91.5 86.7 947 78.0 853 51.8 56.6 91.5 91.4 999 909 99.4 89.1 974 915 914 100.0 91.1 99.6 88.8 97.1
English 954 93.0 97.4 859 90.0 624 654 954 953 999 951 99.7 946 99.1 954 953 999 948 993 94.1 98.6
French 92.1 884 96.0 81.3 883 50.8 55.1 92.1 922 100.1 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 82.8 489 532 919 912 993 914 995 89.6 975 919 91.8 999 903 983 89.0 96.9
German 91.8 869 947 77.8 847 50.0 54.5 91.8 91.8 100.0 91.0 99.2 89.0 97.0 91.8 922 100.5 91.8 100.0 89.6 97.6
Chinese (S.) 91.7 89.1 97.2 79.1 863 544 594 91.7 91.7 100.0 90.7 98.9 90.0 982 91.7 91.6 999 916 999 90.2 98.4
Arabic 89.8 78.6 87.5 70.1 78.1 47.4 528 89.8 90.1 100.4 894 99.6 85.6 953 89.8 88.6 98.6 89.6 99.8 84.7 943
Japanese 87.6 83.8 957 75.8 86.5 48.7 55.6 87.6 87.6 100.0 86.3 98.6 849 97.0 87.6 879 1004 869 99.2 84.0 959

T4 89.7 85.1 949 75.8 845 456 50.8 89.7 89.2 994 883 984 853 951 89.7 89.1 993 88.6 98.7 855 953
Portuguese  92.6 87.0 94.0 782 845 47.6 514 926 91.7 99.0 922 99.6 899 97.1 926 91.6 989 920 994 893 96.5
Russian 923 88.1 954 803 87.0 50.9 55.1 923 90.8 983 90.6 98.1 883 957 923 913 989 90.6 98.1 89.0 96.4
Swedish 91.3 84.7 927 79.2 86.7 454 49.8 91.3 89.8 983 90.2 98.8 88.0 964 91.3 904 99.0 893 97.8 87.1 954
Czech 91.0 86.0 94.5 80.3 883 46.6 51.2 91.0 90.6 99.5 89.9 98.8 87.1 957 91.0 90.0 989 89.7 985 869 955
Italian 909 874 962 789 86.8 51.7 56.8 909 90.8 99.9 90.3 994 869 956 909 904 995 89.6 985 87.8 96.6
Catalan 90.7 86.9 95.8 763 842 462 51.0 90.7 90.7 100.0 88.4 97.5 834 92.0 90.7 90.2 99.5 89.8 99.0 86.7 95.6
Serbian 90.6 873 964 728 80.4 43.0 47.5 90.6 89.9 993 886 97.8 84.8 93.6 90.6 889 982 886 97.8 851 94.0

Hungarian 902 84.1 932 71.0 78.7 40.0 443 90.2 893 99.0 88.6 982 852 945 902 90.1 999 88.8 984 851 943
Vietnamese 90.1 859 953 76.1 84.5 522 58.0 90.1 89.9 99.8 89.2 99.0 872 96.8 90.1 89.6 99.4 904 1004 87.6 972

Dutch 90.0 852 947 774 86.0 454 50.5 90.0 90.2 100.2 88.3 98.1 859 954 90.0 89.9 999 88.6 984 857 952
Finnish 89.9 86.0 957 762 84.8 422 47.0 89.9 90.6 100.7 89.2 99.3 85.1 947 89.9 90.1 100.2 89.9 100.0 85.0 94.6
Korean 89.7 86.8 96.8 78.2 872 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 85.8 957
Persian 89.1 853 958 75.7 849 43.8 49.1 89.1 883 99.1 872 979 864 97.0 89.1 88.6 994 88.1 989 858 963
Polish 89.0 844 949 759 853 457 513 89.0 882 99.1 869 97.6 856 96.1 89.0 884 994 874 983 84.7 95.1
Turkish 88.8 829 934 73.8 83.1 447 50.3 88.8 87.8 989 87.1 98.1 834 940 888 87.6 98.6 863 97.2 839 945
Croatian 87.9 85.1 968 772 879 452 51.5 879 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 68.7 783 374 427 8777 863 985 837 954 782 892 877 862 984 854 975 80.1 914
Hindi 833 77.6 93.1 68.7 824 40.8 489 833 813 97.6 804 965 762 915 833 814 97.7 809 97.1 758 90.9
T3 882 83.0 94.1 729 82.6 420 47.6 882 87.6 993 863 979 820 929 882 87.6 993 865 98.0 824 934
Afrikaans 92.0 859 934 762 829 39.0 424 92.0 91.3 993 909 988 86.0 93.5 92.0 91.0 989 90.7 98.6 857 93.1
Danish 91.6 843 92.1 76.8 839 473 51.7 91.6 91.7 100.1 90.3 98.7 874 955 91.6 914 999 90.1 984 88.6 96.7
Slovak 909 85.8 94.4 763 84.0 433 47.7 909 89.7 987 89.1 98.0 853 939 909 89.0 979 89.1 98.0 858 944
Slovenian 90.4 86.0 95.1 74.0 81.8 43.0 47.5 90.4 90.0 99.5 89.3 98.8 844 934 904 899 994 88.1 974 834 923
Malay 90.4 869 96.1 75.6 83.5 45.7 50.5 90.4 90.4 100.0 89.0 984 86.0 95.1 90.4 90.6 100.1 89.3 98.8 86.9 96.1
Bulgarian 90.2 87.0 964 77.6 86.0 482 53.4 90.2 90.7 100.5 89.8 99.5 874 96.9 90.2 91.2 101.1 90.3 100.1 86.6 95.9
Latvian 90.2 843 935 749 83.0 384 426 902 894 99.1 884 980 833 924 90.2 89.1 988 882 97.8 839 93.0

Romanian 90.2 853 94.6 764 847 47.8 53.0 90.2 90.2 100.0 88.6 98.2 852 945 902 889 985 889 985 843 935
Indonesian ~ 90.1 85.7 95.1 77.6 86.1 48.6 53.9 90.1 89.6 994 892 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 85.6 453 50.3 90.1 89.9 99.8 88.8 985 850 943 90.1 899 99.8 894 993 859 953
Greek 89.8 854 952 769 85.6 447 49.8 89.8 90.0 1002 87.6 97.5 82.1 91.5 89.8 89.6 99.8 89.1 99.3 843 939
Filipino 89.7 834 93.1 719 80.2 40.8 455 89.7 888 99.0 87.0 97.0 827 922 89.7 88.1 983 87.7 97.8 824 919
Lithuanian ~ 89.0 854 96.0 73.8 829 40.8 45.8 89.0 90.3 101.5 89.3 100.4 85.0 955 89.0 89.7 100.7 89.0 100.0 84.4 94.9
Estonian 88.9 827 93.0 704 79.2 348 39.1 889 887 99.8 879 989 8l.1 913 889 882 99.2 87.7 98.6 81.8 92.0

Uzbek 88.2 80.1 90.8 69.0 782 39.0 442 882 862 97.7 85.1 96.5 79.6 902 882 872 989 842 955 784 889
Hebrew 86.8 82.6 95.1 744 858 42.0 484 86.8 869 100.1 858 98.8 83.8 96.5 86.8 87.2 100.5 862 99.4 83.7 96.4
Georgian 86.3 80.1 928 66.8 77.3 35.6 41.2 863 856 99.1 83.6 96.8 76.8 889 863 852 987 829 96.0 78.6 91.0
Thai 854 82.6 96.6 78.0 91.3 50.8 594 854 848 992 83.6 97.8 81.0 948 854 849 993 833 975 816 954
Bengali 849 787 92.7 69.2 81.5 40.7 479 849 834 983 81.8 963 758 893 849 844 995 827 974 786 925
Urdu 84.8 77.7 91.6 623 735 337 39.7 848 82.6 974 829 978 784 925 848 83.8 988 827 975 782 923
Kazakh 842 77.8 923 673 799 38.6 458 842 822 97.6 802 953 756 89.7 842 824 979 80.6 956 762 90.5
Cebuano 82.0 76.2 93.0 66.2 80.8 36.8 449 82.0 81.2 99.1 78.0 95.1 732 893 820 804 98.1 79.1 96.5 73.7 89.8
Tamil 82.0 76.8 93.6 674 822 40.8 49.7 82.0 803 98.0 79.8 97.3 727 88.6 820 813 99.2 804 98.1 748 912

Table 26: Performance (%) and retention (Ret,.) at r=k=8 and r€{4, 3, 2} for Qwen3.5 on Belebele under top-k
reduction, global «, and token «v. Per-language mean within tier. Part 1: tiers T5-T3.
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Qwen3.5 — Belebele

Standard Global « Token «

Tier/Language r=8 r=4 Rety r=3 Ret3 r=2 Reto 7=8 r=4 Rety r=3 Rets r=2 Rety r=8 r=4 Rety r=3 Rets r=2 Retz

T2 73.6 659 89.1 54.1 73.0 31.7 43.7 73.6 719 974 693 93.6 624 84.1 736 721 97.6 70.0 948 63.6 85.7
Maltese 87.9 80.7 91.8 68.6 78.0 352 40.1 879 857 97.5 834 949 75.1 855 879 863 982 840 956 782 89.0
Swahili 87.0 782 899 67.1 77.1 37.7 433 87.0 84.0 96.6 82.7 950 762 87.6 87.0 84.8 974 828 951 779 89.5
Icelandic 858 824 96.1 69.8 81.3 34.6 40.3 858 86.4 100.8 84.8 988 79.4 92.6 858 86.6 100.9 85.8 100.0 80.9 94.3
Marathi 84.6 79.3 938 70.3 832 37.8 447 84.6 842 99.6 814 963 773 91.5 84.6 837 989 814 963 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 98.1 764 92.1 83.0 829 999 81.7 984 76.7 924
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 81.8 100.0 789 96.5 70.7 86.4
Lao 76.8 68.2 889 533 69.5 33.1 43.1 768 75.0 97.7 732 954 649 845 768 750 97.7 728 948 65.6 854
Ambaric 762 65.1 854 523 68.7 30.7 40.2 762 76.2 100.0 70.7 92.7 622 81.6 762 748 98.1 72.6 952 652 85.6
Xhosa 713 63.8 89.4 48.8 68.4 29.6 414 713 693 972 65.1 913 59.1 829 713 69.1 969 66.0 925 58.6 82.1
Hausa 69.4 582 838 46.6 67.0 28.6 41.1 69.4 67.7 974 63.1 909 552 79.5 694 66.4 957 64.6 93.0 57.3 82.6
Tigrinya 68.3 60.1 83.0 450 659 28.7 420 683 659 964 632 925 532 779 683 662 969 64.1 938 56.1 82.1
Zulu 68.2 59.9 87.8 48.0 70.4 30.7 45.0 682 66.1 969 65.0 953 583 855 682 668 979 64.7 948 59.7 875
Tswana 63.4 542 855 42.0 662 27.1 427 63.4 612 96.5 56.7 89.3 51.7 81.4 634 62.1 979 592 933 534 842
Yoruba 56.0 469 83.7 37.0 66.1 289 51.6 56.0 53.1 94.8 513 91.7 439 784 56.0 532 950 519 927 43.8 782
Wolof 443 38.0 85.7 352 794 247 55.6 443 40.1 905 379 855 343 774 443 412 93.0 398 89.7 338 762

T1 734 66.1 89.6 549 742 324 449 734 714 97.1 689 932 627 845 734 71.7 974 698 947 63.8 86.2
Norwegian 912 842 923 729 799 433 475 912 90.7 994 89.7 983 854 93.7 912 904 99.1 89.1 97.7 86.7 95.0
Albanian 89.4 821 91.8 71.2 79.6 39.1 43.7 89.4 887 99.1 872 97.5 81.3 909 89.4 882 98.6 86.7 969 823 92.0
Macedonian 890.2 84.0 94.1 72.8 81.6 41.0 46.0 89.2 88.6 99.3 87.8 98.4 834 935 89.2 88.1 98.8 88.0 98.6 85.0 953
Kyrgyz 86.2 77.2 89.6 66.7 77.3 36.1 419 862 83.8 972 822 954 76.7 889 862 842 97.7 83.1 964 779 903
Armenian 859 793 924 662 77.1 372 433 859 854 99.5 844 983 80.3 935 859 859 100.0 846 984 79.3 924
Oriya 854 784 918 65.0 76.1 36.7 429 854 833 975 81.7 956 75.1 879 854 833 975 81.6 954 747 874
Malayalam 84.7 81.0 957 69.8 82.4 389 459 847 844 99.7 83.0 98.0 77.7 91.7 847 84.8 100.1 83.1 982 80.0 94.5
Kannada 84.1 77.1 91.7 64.1 762 379 450 84.1 82.1 97.6 80.9 962 73.1 869 84.1 829 985 812 96.6 754 89.7
Sinhala 83.7 77.7 92.8 68.7 82.1 37.0 442 83.7 82.1 98.1 80.6 963 76.0 90.8 83.7 83.6 999 809 96.7 78.6 93.9
Tajik 83.1 758 912 643 77.4 356 428 83.1 8.1 97.6 79.6 957 720 86.6 83.1 81.0 97.5 79.7 959 74.1 89.2
Javanese 828 77.7 938 60.7 73.3 357 43.1 828 827 99.9 809 97.7 73.7 89.0 82.8 83.0 100.3 81.1 98.0 759 91.7
Assamese 82.7 762 922 61.7 74.6 30.6 37.0 82.7 809 97.8 784 949 74.1 89.7 827 81.1 98.1 79.7 964 757 91.5
Nepali 82.6 77.8 942 669 81.0 38.3 464 826 82.0 993 804 97.4 753 913 82.6 829 1004 81.4 987 74.1 89.8

Azerbaijani 82.0 759 925 633 772 34.8 424 82.0 799 974 772 942 692 844 82.0 793 967 782 954 69.3 84.6
Sundanese 82.0 729 889 58.1 709 312 38.1 820 783 955 772 942 724 883 820 802 978 77.7 947 727 88.6

Kurdish 81.9 73.1 89.3 57.8 70.6 302 369 819 793 969 759 927 68.6 83.7 819 793 969 774 946 682 833
Gujarati 81.9 743 90.8 63.8 77.9 38.6 47.1 819 80.7 985 783 957 70.2 858 819 809 988 787 96.1 70.8 86.4
Burmese 81.8 74.1 90.6 66.2 81.0 36.0 44.0 81.8 80.3 982 78.8 963 74.0 90.5 81.8 79.8 97.6 80.8 98.8 73.6 89.9
Telugu 80.7 73.0 90.5 622 77.1 379 47.0 80.7 779 96.6 762 945 70.0 86.8 80.7 788 97.7 76.7 950 724 89.8
Khmer 80.2 74.8 932 64.0 79.8 34.8 434 802 788 982 783 97.6 734 91.6 802 79.7 993 79.0 985 754 94.0
Pashto 79.0 72.1 913 60.7 76.8 31.4 39.8 79.0 77.4 98.0 739 935 67.8 858 79.0 77.8 985 743 94.1 66.8 84.5
Mongolian 782 71.8 91.8 58.1 743 30.6 39.1 782 77.7 993 759 97.0 67.2 859 782 762 974 75.6 96.6 69.2 88.5
Malagasy 773 67.7 815 538 69.5 29.0 375 773 73.8 954 683 884 624 80.7 773 741 958 718 92.8 64.8 83.8

Kinyarwanda  69.6 62.3 89.6 52.6 75.6 28.0 403 69.6 67.6 97.1 657 944 578 83.1 69.6 669 962 678 974 59.1 85.0
Southern Sotho 68.7 59.4 86.6 46.6 67.8 27.2 39.6 68.7 67.2 979 62.0 90.3 56.0 81.6 68.7 683 99.5 639 93.0 56.0 81.6

Shona 67.9 594 87.6 48.1 709 26.0 383 679 653 96.2 62.1 91.5 53.8 79.2 679 658 969 63.8 939 552 81.3
Somali 66.0 56.8 86.0 40.2 609 264 40.1 66.0 644 97.6 59.9 90.7 50.0 75.8 66.0 64.0 97.0 613 929 493 747
Maori 65.6 58.1 88.6 47.1 719 30.1 459 656 63.1 963 584 892 51.6 786 656 63.4 968 603 920 529 80.7
Chichewa 58.4 504 863 36.7 62.7 284 487 58.4 56.0 958 489 837 43.1 73.8 584 54.6 933 540 924 463 79.3
Igbo 56.6 484 857 383 67.8 253 448 56.6 53.6 94.7 49.8 88.0 442 782 56.6 544 963 49.8 88.0 438 774
Swati 559 443 793 372 66.6 26.6 47.5 559 50.1 89.7 469 839 392 70.2 559 504 903 46.8 83.7 40.8 73.0
Guarani 53.6 463 86.5 36.2 67.6 28.1 525 53.6 51.4 96.1 479 89.4 422 788 53.6 51.7 96.5 49.7 92.7 43.6 81.3
Lingala 51.7 43.7 845 36.4 705 272 527 51.7 47.6 92.0 44.6 862 40.1 77.6 51.7 484 938 47.1 912 39.7 76.8
Oromo 51.6 452 87.7 350 679 259 502 51.6 47.6 922 457 886 38.1 739 51.6 49.6 96.1 472 91.6 424 823
Tibetan 47.8 393 823 357 747 259 542 47.8 446 933 426 89.1 373 78.1 47.8 454 95.1 43.0 90.0 382 80.0
Luganda 47.8 41.7 872 344 721 26.0 544 47.8 46.1 965 41.7 872 354 742 478 466 974 439 919 40.0 83.7
Bambara 37.4 321 858 28.1 75.1 25.8 68.8 37.4 38.0 101.5 35.1 938 31.6 843 374 362 96.7 342 914 31.7 84.6
Avg 81.0 748 91.8 64.3 78.6 382 472 81.0 79.8 983 78.0 957 73.0 89.2 81.0 799 984 785 96.5 73.7 90.2

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

Standard Global o
Tier/Language r=8 r=4 Rety r=3 Rets r=2 Retz r=8 r=4 Rety 7r=3 Rets r=2 Ret
T5 827 774 93.6 703 849 481 579 827 774 935 712 859 494 595
English 893 854 956 816 913 644 721 893 860 963 821 919 683 765
French 859 79.7 928 756 88.0 512 59.6 859 799 930 76.1 88.6 51.8 60.3
Chinese (S.) 83.1 772 929 68.1 820 449 540 831 774 932 68.1 820 434 523
German 829 774 934 709 855 466 562 829 782 944 724 874 48.1 58.0
Spanish 81.1 774 955 684 844 494 61.0 81.1 757 933 692 853 486 599
Arabic 80.3 74.1 923 627 78.0 364 454 803 729 90.7 64.1 79.8 404 503
Japanese 764 70.7 924 650 850 438 573 764 717 93.8 660 863 451 59.0
T4 80.7 74.6 925 68.0 842 441 546 80.7 750 929 68.8 853 46.6 57.7
Catalan 842 784 931 723 859 483 574 842 771 91.6 729 865 49.7 59.0
Italian 842 77.6 92.1 723 859 480 57.0 842 770 914 724 86.0 49.0 582
Czech 84.0 779 927 71.0 845 478 569 840 789 939 708 843 504 60.1
Dutch 83.8 76.8 91.6 72.1 86.1 470 56.1 838 756 902 70.0 83.6 52.0 62.1
Croatian 833 76.6 919 676 81.1 437 524 833 770 924 682 819 452 543
Swedish 83.1 78.0 939 721 86.8 464 559 831 780 939 719 865 50.1 60.3

Portuguese 829 788 950 713 86.1 49.1 592 829 80.1 96.6 736 887 529 638
Vietnamese 829 751 906 704 850 476 574 829 756 912 700 845 50.8 613

Serbian 81.8 73.8 902 669 81.8 438 535 81.8 742 90.8 683 83.6 44.6 545
Russian 814 77.1 947 721 885 498 61.1 814 771 947 709 87.0 49.7 61.0
Hungarian 80.6 743 923 687 852 409 508 806 752 934 700 869 419 52.0
Polish 80.3 73.0 909 682 849 416 517 803 756 941 694 864 448 55.7
Turkish 80.1 753 940 677 845 436 544 80.1 757 945 682 852 487 60.7
Finnish 799 744 932 66.1 828 41.6 520 799 748 936 694 869 449 562
Korean 774 714 923 6477 835 422 545 774 709 915 648 83.6 444 574
Persian 767 713 93.0 64.1 83.6 396 516 767 702 916 656 855 402 525
Basque 732 66.0 90.1 574 785 36.1 493 732 684 935 612 83.6 377 514
Hindi 722 67.0 928 584 809 36.7 508 722 680 942 61.1 846 427 59.1
T3 782 715 914 641 819 404 516 782 719 92.0 652 833 432 552
Danish 833 777 932 713 856 472 567 833 789 947 722 86.7 500 60.0
Greek 827 789 954 720 87.1 461 558 827 783 948 730 883 532 644

Lithuanian 827 723 875 631 763 409 495 827 737 8.1 66.1 80.0 423 512
Romanian 827 176.6 926 702 849 452 547 827 752 910 717 86.7 474 574

Latvian 82.0 73.6 897 652 795 384 469 820 742 905 679 828 40.8 49.7
Bulgarian 81.8 753 921 679 830 437 534 81.8 76.6 93.6 687 84.0 468 572
Slovak 81.4 763 937 689 846 479 588 814 768 943 702 862 50.6 62.1
Ukrainian 814 742 91.1 662 813 417 512 814 760 933 677 831 454 558
Filipino 80.7 719 89.1 667 826 436 540 80.7 722 895 677 839 443 550

Afrikaans 804 746 927 670 833 396 492 804 742 923 664 82.6 427 53.0
Slovenian 803 752 936 682 849 431 537 803 747 929 70.1 873 459 57.1
Indonesian 80.1 757 945 686 856 456 569 80.1 749 935 692 864 480 599

Malay 799 732 917 650 814 419 524 799 728 91.1 652 81.6 437 547
Hebrew 790 724 917 646 817 39.6 501 79.0 71.1 90.0 64.8 82.0 42.7 540
Estonian 78.1 70.6 903 634 812 409 523 781 722 925 648 829 419 536
Uzbek 75.8 67.0 884 600 792 340 449 758 69.0 91.1 63.1 833 40.7 537
Georgian 747 674 903 589 789 338 452 747 677 90.6 612 820 356 476
Cebuano 742 652 879 574 774 381 513 742 647 87.1 57.1 769 388 522
Bengali 733 684 933 593 809 384 524 733 687 93.6 61.1 833 426 580
Tamil 720 657 912 594 826 374 520 720 66.1 91.8 58.8 8l.6 388 539
Thai 717 678 946 597 833 39.1 546 717 687 958 604 843 362 505
Urdu 71.6 63.0 880 560 783 323 452 71.6 637 89.0 550 769 38.6 539
Kazakh 68.8 61.8 89.8 558 81.1 314 457 688 643 935 576 837 373 543

Table 28: Performance (%) and retention (Ret,.) at r=k=8 and r€{4, 3, 2} for Gemma4 on Belebele under top-k
reduction and global «. Per-language mean within tier. Part 1: tiers TS-T3.
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Gemmad4 — Belebele

Standard Global «
Tier/Language r=8 r=4 Rety r=3 Rets r=2 Rets r=8 r=4 Rety r=3 Rets r=2 Rets
T2 612 532 869 46.6 76.1 30.6 514 612 542 886 476 781 321 534
Icelandic 76.7 687 89.6 630 822 387 504 767 683 89.1 62.7 817 414 54.1
Swahili 763 68.1 892 60.2 789 36.6 479 763 693 90.8 600 78.6 39.8 52.1
Maltese 759 66.6 87.7 557 734 352 464 759 666 877 587 773 388 5l1.1
Marathi 728 67.0 92.1 593 815 374 515 728 683 939 590 81.1 40.7 559
Punjabi 694 63.1 909 546 786 326 469 694 648 933 569 819 332 478
Haitian Creole 684 60.3 88.1 51.6 753 339 495 684 61.6 899 532 778 348 50.8
Lao 66.0 568 86.0 510 773 29.7 449 660 584 88.6 499 756 313 475
Ambaric 65.0 543 83.6 48.6 747 294 453 650 56.7 872 476 732 326 50.1
Hausa 56.3 432 767 400 71.0 248 440 563 476 844 413 734 254 452
Tigrinya 55.0 469 853 402 73.1 247 448 550 473 86.1 430 782 257 46.7
Xhosa 547 452 827 384 703 278 508 547 477 872 419 766 279 510
Tswana 53.1 462 87.0 369 695 27.8 523 531 439 826 364 68.6 288 542
Zulu 51.8 446 86.1 402 777 264 51.1 518 438 845 374 723 278 53.6
Yoruba 446 382 858 337 756 269 603 446 380 853 366 820 284 638
Wolof 316 292 926 260 824 267 845 31.6 31.0 982 296 937 246 778
T1 62.1 549 882 481 774 315 516 621 553 89.0 487 782 324 529
Norwegian 80.2 750 935 674 841 448 558 802 752 938 70.7 88.1 494 616
Albanian 79.1 728 920 647 81.7 38.1 482 79.1 721 912 652 824 399 504
Macedonian 79.1 727 919 657 83.0 394 499 79.1 717 90.6 67.0 84.7 442 559
Armenian 762 687 90.1 582 764 348 456 762 68.7 90.1 582 764 376 493
Malayalam 753 640 850 580 77.0 363 482 753 667 885 56.8 754 393 522
Azerbaijani 72.0 656 91.0 570 792 37.8 525 720 673 935 580 80.6 363 505
Javanese 717 60.0 837 51.8 722 326 454 717 61.1 853 51.8 722 320 447
Gujarati 71.6 619 86.5 569 795 357 498 71.6 622 870 57.8 80.7 351 49.1
Sinhala 714 649 90.8 553 774 341 477 714 640 89.6 594 832 356 498
Tajik 714 624 874 517 723 338 473 714 63.1 883 553 774 350 49.0
Kannada 71.0 652 919 568 80.0 350 493 71.0 642 90.5 56.6 79.7 39.0 549
Telugu 69.8 642 920 560 803 341 489 698 639 916 57.6 825 353 50.6
Kyrgyz 69.6 62.1 893 568 81.6 353 508 69.6 630 90.6 558 80.2 333 479
Khmer 69.1 602 87.1 544 788 30.7 444 69.1 622 90.0 552 799 343 49.7
Nepali 69.1 629 910 552 799 351 508 69.1 626 905 56.1 812 376 543
Kurdish 68.9 58.1 844 486 705 314 456 689 59.1 858 493 71.6 30.0 435
Mongolian 672 56.6 84.1 49.6 737 337 501 672 583 868 516 76.7 347 51.6
Assamese 669 614 919 523 782 29.8 445 669 619 925 546 81.6 357 533
Sundanese 66.7 587 88.0 469 703 28.6 428 667 574 862 493 740 30.1 452
Oriya 66.6 59.0 88.6 493 741 299 449 666 612 920 512 770 32.1 482
Burmese 656 583 89.0 509 776 282 43.1 656 587 895 520 793 29.1 444
Malagasy 653 559 855 50.1 767 330 505 653 57.8 884 50.8 777 320 49.0
Pashto 649 550 84.8 459 707 332 512 649 543 837 458 70.5 31.1 479
Somali 574 482 839 434 756 299 520 574 496 863 448 779 30.7 534
Shona 56.6 49.6 87.6 437 772 272 481 566 493 872 429 758 289 S5l1.1

Kinyarwanda 56.2 499 88.7 407 723 263 468 562 479 852 412 733 266 472
Southern Sotho  54.3 463 853 37.8 695 269 495 543 46.0 847 403 742 291 53.6

Chichewa 492 419 851 376 763 256 519 492 412 837 33,6 682 276 56.0
Guarani 483 418 864 381 789 27.8 575 483 420 869 383 793 271 56.1
Maori 48.1 396 822 373 776 279 580 481 399 829 334 695 268 557
Swati 472 424 899 364 772 282 598 472 427 904 372 788 269 569
Igbo 457 39.6 86.6 346 757 248 543 457 392 859 313 686 268 58.6
Oromo 448 429 958 40.6 90.6 299 66.7 448 441 985 384 859 267 59.6
Lingala 42.0 388 923 343 817 264 630 420 378 899 351 836 274 653
Tibetan 414 360 869 324 783 259 625 414 372 89.8 313 756 247 595
Luganda 41.0 36.6 892 31.7 772 273 667 41.0 392 957 339 827 244 59.6
Bambara 37.8 322 853 30.6 809 248 656 37.8 336 888 331 876 270 715
Avg 70.5 63.6 899 567 80.0 36.8 525 705 641 90.6 575 812 38.6 548

Table 29: Performance (%) and retention (Ret,.) at r=k=8 and r€{4, 3, 2} for Gemma4 on Belebele under top-k
reduction and global «. 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 o Token o

Tier/Language r=8 r=4 Rety r=3 Ret3 r=2 Ret r=8 r=4 Rety r=3 Rets r=2 Rety r=8 r=4 Rety r=3 Retz r=2 Retsy

TS 704 629 89.4 50.5 71.7 27.0 384 704 67.4 957 642 91.1 54.6 773 704 67.5 959 64.1 91.1 53.5 758
English 77.0 69.4 90.1 582 75.6 30.2 39.1 77.0 741 962 714 92.6 64.7 84.0 77.0 745 96.7 71.4 92.7 652 84.6
Chinese (S.) 724 64.7 89.3 545 753 30.8 425 724 69.1 954 664 91.7 589 813 724 692 956 663 91.7 559 773
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 53.6 749 71.6 68.4 956 653 913 529 74.0
German 69.4 635 91.5 504 72.7 25.1 36.1 694 67.0 96.6 63.6 91.7 539 777 694 673 97.0 63.7 91.8 52.7 76.0
Japanese 67.7 60.7 89.6 489 72.1 25.6 37.7 67.7 644 950 60.8 89.7 50.7 74.8 67.7 645 952 60.7 89.6 47.8 70.6
Arabic 64.0 56.4 88.0 43.0 67.1 24.7 38.6 640 609 95.1 572 89.3 456 71.2 640 61.1 954 572 89.4 463 722

T4 67.6 569 842 42.6 629 25.1 372 67.6 625 92.6 585 86.5 459 67.7 67.6 622 92.1 58.1 859 442 652
Russian 73.1 62.7 858 479 656 25.1 343 73.1 66.5 91.0 63.0 863 51.3 70.1 73.1 66.4 90.8 62.8 859 50.4 69.0

Portuguese  71.6 63.1 88.1 473 66.1 24.6 343 716 679 948 64.5 90.1 534 746 71.6 675 942 64.7 90.3 502 70.0
Swedish 71.1 59.5 83.6 443 623 254 358 71.1 644 905 60.7 853 47.6 669 71.1 63.7 89.6 60.0 84.4 464 653

Czech 70.7 579 81.8 429 60.7 24.6 34.8 70.7 633 89.5 59.7 84.4 46.5 658 70.7 633 89.5 59.5 84.1 453 64.1
Vietnamese 69.4 58.3 839 440 634 253 364 694 625 90.1 594 85.6 475 684 69.4 62.7 904 59.2 853 455 65.6
Dutch 68.9 60.5 87.7 463 672 25.6 372 689 653 94.8 624 905 495 71.8 689 653 94.7 614 89.0 47.7 69.2
Korean 66.5 58.6 88.0 457 68.7 254 382 66.5 63.0 947 59.6 89.6 48.8 733 66.5 62.8 944 59.1 889 472 70.9
Polish 65.7 57.5 875 42.0 639 253 385 657 622 947 587 89.3 450 685 657 623 94.8 582 88.6 43.6 66.3
Persian 639 432 67.7 32.1 502 242 38.0 639 56.1 87.8 49.7 77.8 37.1 58.1 639 553 86.5 494 774 35.6 55.7
Serbian 63.6 54.0 849 38.7 609 255 402 63.6 60.0 943 544 856 415 652 63.6 593 932 543 854 39.1 614
Hindi 59.2 51.3 86.6 37.3 63.1 248 419 592 568 959 515 87.1 36.6 61.8 592 56.0 94.6 504 85.1 353 59.6
T3 652 539 826 39.1 599 250 385 652 60.0 92.0 55.1 84.4 41.6 63.6 652 59.6 915 549 84.1 40.0 61.3

Romanian 71.8 59.7 83.1 44.0 61.2 24.8 346 71.8 643 89.5 604 84.1 464 646 71.8 642 89.3 604 84.0 43.8 61.0
Ukrainian 70.1 57.7 824 413 589 249 355 70.1 62.7 89.5 57.6 822 452 64.5 70.1 62.4 89.1 574 819 423 60.3
Indonesian  69.4 59.5 85.8 43.6 629 25.6 36.8 694 662 953 61.1 88.1 457 659 694 66.0 95.1 609 87.7 44.0 63.4

Greek 67.8 559 824 40.6 59.8 249 36.6 67.8 60.1 88.7 56.3 83.1 42.8 63.1 67.8 60.4 89.0 562 829 42.7 62.9
Filipino 653 56.1 859 403 61.8 254 388 653 61.3 939 56.5 865 442 67.8 653 61.0 935 56.7 869 40.8 62.5
Malay 65.1 548 842 393 603 25.6 39.2 65.1 623 956 55.8 857 40.6 624 65.1 62.1 953 553 849 393 604
Lithuanian ~ 59.6 489 82.0 34.8 58.4 245 41.1 59.6 555 93.1 50.7 85.1 38.7 649 59.6 549 92.1 509 854 38.6 64.7
Hebrew 59.5 457 76.8 333 56.1 243 409 59.5 53.5 90.1 493 83.0 374 629 59.5 534 89.8 49.6 83.4 37.8 63.6
Bengali 582 469 80.6 349 599 248 425 582 537 922 47.7 819 33.0 56.7 582 52.6 90.3 46.7 80.1 31.0 53.3
T2 40.5 36.0 889 294 726 244 60.2 40.5 383 947 355 87.7 294 725 405 38.0 939 356 879 283 69.7
Swabhili 405 36.0 889 294 726 244 602 405 383 947 355 87.7 294 725 405 38.0 939 356 879 283 69.7
T1 537 423 78.8 319 59.6 243 458 53.7 47.4 884 432 805 31.6 59.3 53.7 46.8 87.2 423 789 30.0 56.2
Nepali 59.0 46.5 78.7 348 589 248 420 59.0 514 872 46.6 79.0 34.0 57.7 59.0 509 86.3 46.0 779 32.7 555
Telugu 56.7 449 792 322 568 24.0 424 56.7 50.6 89.2 46.0 81.1 31.2 55.1 56.7 50.2 885 45.0 79.5 29.0 51.2
Sinhala 454 356 785 28.6 63.1 24.1 532 454 403 88.8 369 81.4 295 65.1 454 393 86.7 36.0 79.3 28.1 62.0
Avg 65.1 55.1 844 41.6 638 253 39.5 65.1 604 927 563 862 443 67.7 65.1 602 922 56.0 858 42.8 654

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

54330



Qwen3.5 - GlobalMMLU

Standard Global « Token «

Tier/Language r=8 r=4 Rety r=3 Ret3 r=2 Retz r=8 r=4 Rety r=3 Retg r=2 Rety r=8 r=4 Rety r=3 Rets r=2 Rety

TS 782 742 949 69.0 883 52.0 66.4 782 76.6 98.0 75.0 959 713 91.2 782 765 97.8 75.1 96.0 70.8 90.5
English 83.1 799 962 76.6 922 646 77.8 83.1 822 99.0 81.0 97.5 78.6 94.6 83.1 81.9 98.6 812 97.7 783 943
French 788 75.1 954 69.0 87.6 47.8 60.7 788 77.3 98.1 76.1 96.6 723 91.8 788 773 982 763 968 719 91.4
German 784 732 934 683 87.1 53.6 683 784 765 975 743 948 69.9 89.1 784 762 972 743 947 69.7 88.8

Chinese (S.) 77.6 74.0 953 693 893 543 70.0 77.6 764 985 75.1 96.8 72.6 93.6 77.6 76.0 98.0 74.8 96.4 71.8 92.5
Japanese 762 723 949 66.1 86.7 49.9 655 762 744 97.6 72.6 952 68.1 893 762 745 97.8 729 956 67.2 882

Arabic 75.0 70.5 94.0 650 86.7 41.9 559 750 727 97.1 709 94.6 664 88.6 750 729 973 7T1.1 948 658 87.8
T4 759 70.7 93.1 64.1 845 44.0 579 759 738 972 72.0 949 669 882 759 740 975 722 952 66.3 873
Dutch 780 71.9 92.1 65.6 84.1 484 62.0 780 762 97.7 742 95.1 70.2 899 780 76.6 98.1 745 955 70.2 90.0
Portuguese  78.0 67.8 87.0 623 79.9 45.8 587 78.0 750 962 745 955 71.0 91.0 780 76.8 985 757 97.1 71.2 91.3
Russian 779 737 945 674 865 469 60.1 779 76.1 97.6 74.1 951 69.7 89.4 779 762 97.7 745 956 69.0 88.5
Swedish 777 73.6 94.6 663 852 435 56.0 77.7 758 97.5 732 942 66.2 852 7777 757 973 73.0 939 654 842
Czech 76.6 71.5 933 63.7 832 44.0 57.5 76.6 743 97.0 729 952 66.8 872 76.6 749 97.8 73.0 954 652 85.1
Polish 76.5 72.5 947 66.5 869 48.8 63.8 76.5 750 979 72.8 952 67.0 87.5 76.5 747 97.7 72.5 947 652 85.1
Vietnamese  75.6 71.7 94.8 66.1 87.4 46.5 61.5 75.6 73.7 975 719 95.1 662 87.6 75.6 740 97.8 71.8 95.0 66.4 87.8
Serbian 755 70.8 93.8 64.0 84.8 39.7 526 755 73.1 969 71.0 940 649 86.0 755 73.1 969 715 948 63.6 842
Korean 75.1 71.3 949 657 87.4 458 61.0 751 732 974 717 954 68.0 90.6 75.1 735 97.8 722 96.1 67.2 89.4
Persian 722 673 932 59.8 829 372 51.5 722 69.7 96.6 68.0 942 63.0 872 722 695 962 68.0 942 62.6 86.7
Hindi 713 653 915 58.0 81.3 37.1 52.0 713 69.2 97.0 67.7 949 63.0 884 713 692 97.0 67.8 95.1 629 882
T3 745 69.5 934 624 837 419 56.1 745 724 972 703 944 65.0 872 745 724 973 704 945 645 86.6

Romanian 78.4 744 949 685 87.4 499 637 784 767 97.8 749 956 69.5 83.7 784 765 97.6 746 952 68.7 87.6
Indonesian ~ 77.4 73.6 95.1 68.1 879 50.5 652 774 756 97.6 73.7 95.1 699 903 774 756 97.6 74.1 957 69.7 90.0
Ukrainian 76.5 70.7 924 64.0 83.6 41.1 53.7 765 744 972 719 94.0 657 859 765 746 974 72.1 942 65.7 858

Greek 759 68.6 904 599 79.0 37.6 49.5 759 733 96.6 71.5 943 66.1 87.1 759 73.6 97.1 71.8 94.6 664 87.5
Malay 755 71.7 950 65.1 862 442 585 755 733 97.1 71.1 94.1 65.7 87.0 755 735 97.3 713 944 66.0 87.5
Filipino 734 689 93.8 61.8 842 435 593 734 712 969 69.1 942 639 87.1 734 71.1 96.8 69.3 944 64.8 883
Lithuanian ~ 71.9 67.4 93.7 60.6 842 384 53.4 719 70.0 973 67.6 940 62.1 863 719 699 97.1 67.5 938 60.4 84.0
Hebrew 709 66.8 942 58.8 829 37.5 529 709 693 97.7 673 949 613 864 709 692 975 664 93.6 59.0 83.2
Bengali 703 63.7 90.7 54.8 78.0 342 48.6 703 68.1 969 658 93.7 60.6 86.3 70.3 68.1 969 663 943 60.2 85.6
T2 57.6 51.5 89.5 44.6 77.4 304 528 57.6 548 952 522 90.6 46.6 81.0 57.6 54.8 953 52.8 91.8 47.1 81.8
Swahili 642 595 92.6 529 825 342 533 642 614 956 593 923 529 824 642 61.5 957 59.7 93.0 53.1 827
Ambaric 58.6 51.2 874 44.1 753 294 50.1 58.6 555 947 52.8 90.1 47.1 80.4 58.6 558 95.1 532 90.7 47.6 81.2
Hausa 552 484 877 41.0 744 28.8 52.1 552 52.1 944 488 88.4 43.7 79.2 552 52.1 944 499 905 44.0 79.7
Yoruba 522 47.1 902 404 77.5 29.1 55.7 522 50.0 959 47.8 91.6 42.8 82.0 522 50.0 95.8 485 93.0 43.7 83.8
T1 61.5 557 904 48.0 779 31.8 51.8 61.5 588 955 563 914 504 81.7 61.5 589 95.6 56.7 92.0 50.7 824
Nepali 69.2 61.5 889 537 77.6 34.1 493 692 663 958 635 91.7 57.0 824 692 663 958 63.8 923 572 827
Telugu 68.8 63.4 92.1 549 79.8 350 50.8 68.8 66.4 96.6 643 93.6 582 84.7 68.8 662 963 64.2 934 579 842
Kyrgyz 65.7 59.4 904 509 77.4 323 49.2 657 63.1 96.0 61.0 92.8 55.1 839 657 632 962 60.8 92.5 53.3 8I.1
Sinhala 654 59.5 91.0 50.0 76.4 32.1 49.1 654 62.7 95.8 60.1 91.8 549 84.0 654 62.7 95.8 61.1 934 555 84.8
Igbo 58.7 535 912 463 79.0 304 51.8 587 56.1 955 537 91.5 469 799 58.7 563 96.0 54.8 933 482 82.1
Somali 573 51.3 89.4 433 755 30.1 525 573 541 944 51.7 902 453 79.0 57.3 543 948 51.8 90.5 458 79.9
Shona 573 51.0 889 43.8 76.4 31.0 54.1 573 537 93.8 509 889 455 79.4 573 542 946 519 905 469 81.8

Malagasy 57.1 51.9 909 453 79.4 30.7 53.7 57.1 54.6 95.6 524 91.7 46.5 81.4 57.1 545 954 528 924 475 83.1
Chichewa 543 49.4 909 435 80.0 30.2 55.6 543 52.0 957 49.1 903 439 809 543 52.1 95.8 49.0 90.2 444 81.7

Avg 70.7 65.5 925 58.8 82.7 40.5 569 70.7 68.5 96.7 664 93.7 612 862 70.7 68.6 96.8 66.7 94.1 61.0 859

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

Standard Global «
Tier/Language r=8 r=4 Rets r=3 Ret3 r=2 Retz r=8 r=4 Rets r=3 Rets r=2 Rets
T5 672 62.6 93.1 574 854 435 645 672 628 935 579 862 455 676
English 73.1 69.7 953 656 89.7 545 745 73.1 69.7 954 653 893 553 757
French 68.6 64.1 935 584 852 440 641 68.6 645 941 592 863 462 674
German 675 624 925 578 857 429 635 675 628 93.0 583 864 447 66.3
Chinese (S.) 659 60.7 92.1 558 846 420 636 659 614 931 565 857 440 66.7
Japanese 649 608 937 558 86.0 40.7 627 649 60.6 934 563 86.8 435 67.1
Arabic 628 5777 91.8 512 815 369 588 628 580 923 519 826 39.1 622
T4 65.0 60.3 927 547 84.0 399 613 650 605 93.0 553 850 419 644
Portuguese 6777 633 935 567 837 423 624 677 637 940 574 847 442 653
Dutch 672 633 943 580 863 43.0 64.0 672 63.1 940 586 873 443 659
Swedish 67.0 622 928 56.0 83.6 404 603 67.0 623 930 567 846 429 64.1
Russian 67.0 627 93.6 573 855 423 632 670 627 936 576 86.1 445 665
Czech 66.0 61.1 925 558 844 402 609 660 61.3 929 56.1 849 427 64.6
Polish 65.1 60.7 933 556 854 405 622 651 608 934 556 854 423 650
Korean 646 60.1 929 550 851 41.6 644 646 598 926 559 864 427 66.1
Serbian 640 583 91.1 524 820 373 583 640 59.1 923 536 837 394 616
Vietnamese 639 594 929 53.6 839 395 61.8 639 594 929 544 850 413 645
Persian 619 56.5 91.3 505 81.6 354 572 619 566 91.5 513 829 373 602
Hindi 608 559 919 503 827 363 59.7 60.8 566 931 513 844 390 64.1
T3 637 589 924 535 839 38,6 605 637 592 928 540 847 40.6 63.6

Romanian 66.8 62.1 929 566 848 418 626 668 620 928 57.1 855 439 657
Ukrainian 655 60.6 926 554 845 397 606 655 606 926 558 851 419 640
Indonesian 65.1 60.5 930 551 847 414 636 651 609 93.6 559 859 434 66.7

Greek 649 603 929 547 842 377 581 649 605 932 555 855 402 619
Filipino 643 59.6 928 550 856 409 637 643 601 93.6 552 86.0 414 645
Malay 63.6 586 922 532 836 387 609 636 590 927 539 847 411 646
Hebrew 62.6 574 916 515 822 357 571 626 577 922 515 822 381 609
Lithuanian 622 570 916 507 814 354 569 622 572 920 510 820 373 600
Bengali 58.6 53.6 915 49.1 838 359 613 586 544 929 499 853 378 646
T2 499 452 90.6 400 802 29.8 60.1 499 457 91.7 40.7 815 314 632
Swahili 56.7 522 921 463 81.6 333 587 567 522 92.1 466 82.1 349 615
Amharic 529 481 909 423 799 303 573 529 482 91.1 433 818 327 617
Hausa 495 443 89.6 390 789 294 593 495 451 91.1 394 79.7 306 61.7
Yoruba 404 363 89.8 324 802 263 651 404 374 925 333 824 274 677
T1 534 486 909 433 809 319 597 534 489 914 440 823 333 623
Nepali 594 545 91.6 487 820 348 586 594 544 915 494 83.0 36.8 619
Telugu 57,5 522 90.7 472 821 342 594 575 532 924 484 841 359 624
Kyrgyz 56.5 523 926 462 81.8 321 569 565 525 928 462 817 347 614
Sinhala 55.8 50.1 899 451 809 329 591 558 508 91.0 457 820 344 616
Malagasy 53.6 479 893 419 782 31.8 594 53.6 486 90.7 438 817 324 604
Somali 50.6 46.0 90.8 403 79.6 30.1 595 506 460 909 413 815 30.8 609
Shona 50.5 457 904 407 80.6 30.8 609 505 459 909 413 817 319 632
Igbo 48.6 440 90.7 39.1 80.6 29.5 607 486 440 90.6 394 81.1 312 643
Chichewa 485 4477 923 400 825 305 629 485 443 915 408 841 312 644
Avg 60.8 56.1 921 507 831 373 61.1 608 563 925 513 841 391 64.1

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

Qwen3 - XCOPA

Standard Global o Token «

Tier/Language r=8 r=4 Rety r=3 Rets r=2 Retz r=8 r=4 Rety r=3 Rets r=2 Retz r=8 r=4 Rety r=3 Ret3 r=2 Retz

TS 79.6 75.6 950 69.0 86.7 554 69.6 79.6 77.0 96.7 74.0 93.0 67.8 852 79.6 76.8 96.5 77.0 96.7 68.0 854
Chinese (S.)  79.6 75.6 950 69.0 86.7 554 69.6 79.6 77.0 96.7 74.0 93.0 67.8 852 79.6 76.8 96.5 77.0 96.7 68.0 854
T4 759 719 949 63.7 839 547 723 759 727 957 68.8 90.6 623 822 759 72.0 948 68.5 90.2 619 81.5
Italian 79.6 73.8 92.7 674 847 540 67.8 79.6 76.6 962 72.8 91.5 64.8 814 79.6 756 950 724 91.0 654 822
Vietnamese 78.6 734 934 65.6 835 552 702 78.6 74.6 949 712 90.6 63.6 809 78.6 75.0 954 704 89.6 642 81.7
Turkish 69.6 68.6 98.6 58.2 83.6 54.8 787 69.6 66.8 96.0 624 89.7 58.6 842 69.6 654 940 62.6 899 56.2 80.7
T3 66.2 62.6 948 58.1 87.8 542 829 66.2 628 950 60.8 91.8 56.8 858 66.2 63.4 957 61.1 923 56.7 857
Indonesian 774 72.0 93.0 67.0 86.6 52.6 68.0 77.4 73.0 943 71.6 925 65.8 85.0 77.4 742 959 71.8 928 66.0 85.3
Tamil 65.6 584 89.0 58.0 884 57.6 87.8 656 62.0 945 59.0 899 564 86.0 656 62.2 948 59.6 909 554 84.5
Thai 63.6 634 99.7 55.6 87.4 558 87.7 63.6 614 965 614 96.5 558 87.7 63.6 624 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 54.8 945 51.2 883 49.0 84.5 58.0 54.6 94.1 53.2 91.7 48.6 83.8
T2 553 53.0 959 525 950 545 98.6 553 535 96.7 52.1 943 524 948 553 539 974 513 928 50.6 91.6
Haitian Creole 56.8 53.6 944 534 940 542 954 56.8 556 979 524 923 524 923 56.8 55.8 982 526 92.6 50.2 884
Swabhili 53.8 524 974 51.6 959 548 1019 538 514 955 51.8 963 524 974 538 52.0 96.7 50.0 929 51.0 94.8
T1 - - - - - - - - - - - - - - - - - - - - -
Avg 68.3 64.8 95.1 59.7 88.0 545 81.5 683 653 957 62.8 92.0 58.7 86.5 683 654 959 629 922 582 85.6

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

Qwen3.5 - XCOPA

Standard Global « Token

Tier/Language r=8 r=4 Rety r=3 Rets r=2 Retys =8 r=4 Rety r=3 Ret3 r=2 Rets r=8 r=4 Rety r=3 Rets r=2 Rets

TS 83.0 81.2 97.8 78.8 949 72.0 86.7 83.0 82.8 99.8 82.8 99.8 79.6 959 83.0 83.0 100.0 84.0 101.2 79.6 95.9
Chinese (S.)  83.0 81.2 97.8 78.8 949 72.0 86.7 83.0 82.8 99.8 828 99.8 79.6 959 83.0 83.0 100.0 84.0 101.2 79.6 95.9
T4 79.6 77.7 97.7 73.7 925 645 81.0 79.6 783 983 759 954 724 90.8 79.6 77.7 97.5 75.0 94.1 713 89.5
Vietnamese 832 812 97.6 784 942 67.8 81.5 832 82.0 98.6 792 952 79.6 957 832 80.8 97.1 80.0 962 77.4 93.0
Italian 82.0 79.8 973 756 922 648 79.0 82.0 82.0 100.0 784 95.6 73.6 89.8 82.0 81.8 99.8 78.0 95.1 73.6 89.8
Turkish 73.6 722 98.1 67.0 91.0 60.8 82.6 73.6 71.0 96.5 70.2 954 64.0 87.0 73.6 704 957 67.0 91.0 63.0 85.6
T3 72.0 702 975 66.2 92.0 59.8 83.1 72.0 70.6 98.1 69.5 96.5 664 922 720 69.8 969 69.0 959 658 91.3
Indonesian 80.6 79.6 98.8 764 94.8 69.0 85.6 80.6 78.8 97.8 78.0 96.8 76.4 94.8 80.6 784 973 77.6 963 748 92.8
Estonian 734 71.8 97.8 654 89.1 552 752 734 722 984 720 98.1 664 905 734 71.6 975 712 97.0 652 888
Tamil 68.6 65.0 948 61.8 90.1 594 86.6 68.6 67.6 985 652 950 61.6 89.8 68.6 668 974 64.6 942 612 89.2
Thai 654 644 985 614 939 556 850 654 638 97.6 62.8 960 612 93.6 654 624 954 62.8 96.0 61.8 94.5
T2 66.1 622 94.1 59.5 90.0 529 80.0 66.1 63.8 96.5 62.5 945 594 89.8 66.1 629 951 623 942 60.6 91.7
Haitian Creole 66.8 624 934 60.6 90.7 544 81.4 66.8 656 982 642 96.1 61.8 925 66.8 64.8 97.0 63.4 949 618 925
Swahili 654 62.0 94.8 58.4 893 514 786 654 62.0 948 60.8 93.0 57.0 872 654 61.0 933 612 93.6 594 908
T1 55.0 52.8 96.0 514 935 51.0 92.7 550 540 982 52.0 945 51.8 942 550 540 982 52.0 945 522 949
Guarani 55.0 52.8 96.0 514 935 51.0 92.7 550 54.0 982 52.0 945 51.8 942 550 540 982 52.0 945 522 949
Avg 72.5 702 96.8 66.8 922 60.1 832 725 71.1 98.0 69.6 96.0 66.6 919 725 705 97.1 693 955 664 91.6

Table 34: Performance (%) and retention (Ret,.) at r=k=8 and r€{4, 3, 2} for Qwen3.5 on XCOPA under top-k
reduction, global «, and token «v. Per-language mean within tier.
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Gemmad4 - XCOPA

Standard Global «
Tier/Language r=8 r=4 Rety r=3 Ret3 r=2 Retz r=8 r=4 Rety r=3 Rets r=2 Rets
TS 832 828 995 81.6 981 736 885 832 820 98.6 820 986 762 91.6
Chinese (S.) 832 828 995 816 981 73.6 885 832 820 986 820 986 762 091.6
T4 82.0 80.0 976 78.0 951 713 87.0 82.0 803 979 779 951 70.6 86.2
Italian 85.0 828 974 800 941 71.6 842 850 822 967 792 932 69.6 819
Vietnamese 842 81.0 962 804 955 744 884 842 832 988 798 948 744 884
Turkish 76.8 762 99.2 73.6 958 680 885 768 754 982 748 974 678 883
T3 762 742 975 724 951 663 868 762 745 978 728 955 67.0 88.0
Indonesian 82.8 792 957 766 925 748 903 828 802 969 788 952 744 899
Estonian 788 766 972 748 949 658 835 788 764 970 73.6 934 0648 822
Thai 734 712 97.0 704 959 644 877 734 71.6 975 706 962 658 89.6
Tamil 70.0 70.0 100.0 67.8 969 60.0 857 70.0 69.8 99.7 68.0 97.1 632 903
T2 709 692 97.6 658 928 593 834 709 69.6 98.1 67.1 947 604 852
Swahili 754 736 97.6 698 92,6 652 865 754 744 987 704 934 642 85.1
Haitian Creole 66.4 64.8 97.6 61.8 93.1 534 804 664 648 976 638 96.1 56.6 852
T1 542 524 967 518 956 528 974 542 51.8 956 532 982 520 959
Guarani 542 524 967 518 956 528 974 542 518 956 532 982 520 959
Avg 755 737 976 717 950 658 874 755 738 977 722 958 663 88.0

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

P Detailed Results: XStoryCloze

Qwen3 — XStoryCloze

Standard Global Token o

Tier/Language r=8 r=4 Rety r=3 Ret3 r=2 Reto =8 r=4 Rety r=3 Rets r=2 Reta r=8 r=4 Rety r=3 Rets r=2 Rets

TS 71.1 67.1 943 62.0 872 522 735 71.1 682 958 663 932 614 862 71.1 68.6 965 66.0 92.8 60.5 84.9
English 79.4 755 95.1 69.8 87.8 583 734 794 76.6 964 747 94.1 704 88.6 79.4 77.4 975 743 93.6 70.3 88.5
Spanish 71.5 674 942 612 856 51.0 713 71.5 684 956 67.0 93.7 60.8 849 71.5 69.0 964 66.4 929 59.8 835
Chinese (S.) 709 654 922 60.2 849 504 71.0 709 683 963 659 929 612 86.3 709 68.0 958 655 924 604 85.1
Arabic 62.5 60.0 96.0 56.7 90.6 489 782 62.5 594 950 57.6 922 533 852 625 60.2 963 57.7 923 515 823

T4 63.6 623 98.1 57.8 91.3 499 79.1 63.6 623 979 60.1 94.6 56.1 88.5 63.6 62.6 984 60.5 952 55.8 88.0
Russian 70.5 682 96.6 61.6 87.3 509 72.1 705 689 97.7 66.9 948 60.9 863 70.5 69.4 983 67.0 949 60.7 86.0
Hindi 652 633 97.1 58.6 89.8 49.7 762 652 63.5 975 60.1 922 559 857 652 63.5 974 61.1 937 545 83.7
Basque 552 555 100.6 53.3 96.6 49.0 88.8 552 544 98.6 534 96.8 51.7 93.6 552 55.0 99.6 53.5 97.0 52.1 944

T3 69.5 657 94.6 633 91.1 49.0 70.5 69.5 673 969 649 933 59.6 85.8 69.5 673 969 64.8 932 57.6 83.0
Indonesian ~ 69.5 65.7 94.6 63.3 91.1 49.0 70.5 69.5 673 969 649 933 59.6 858 69.5 673 969 64.8 932 57.6 83.0

T2 542 52,6 97.1 503 92.8 46.7 862 542 533 983 52.0 958 504 929 542 533 983 523 96.6 50.6 93.4
Swahili 542 52,6 97.1 503 928 46.7 86.2 542 533 983 52.0 958 504 929 542 533 983 523 96.6 50.6 93.4

T1 60.1 57.7 959 54.8 91.3 50.8 84.6 60.1 58.1 96.6 56.0 93.1 53.7 89.6 60.1 57.5 957 559 929 529 88.1
Telugu 63.1 619 98.1 57.2 90.7 525 833 63.1 62.5 992 59.5 943 555 88.0 63.1 619 982 594 94.1 55.1 874

Burmese 57.0 53.5 93.7 524 919 49.0 858 57.0 53.6 940 524 919 520 91.1 57.0 53.1 932 523 91.8 50.6 88.7

Avg 654 62.6 959 58.6 899 505 779 654 633 96.8 61.3 938 574 88.0 654 63.5 97.1 61.3 939 56.7 86.9

Table 36: Performance (%) and retention (Ret,.) at r=k=8 and r€{4, 3, 2} for Qwen3 on XStoryCloze under top-k
reduction, global «, and token «. Per-language mean within tier. Qwen3 is restricted to its 73 supported languages.
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Qwen3.5 — XStoryCloze

Standard Global Token v

Tier/Language r=8 r=4 Rety r=3 Ret3 r=2 Reto r=8 r=4 Rety r=3 Rets r=2 Rety r=8 r=4 Rety r=3 Rets r=2 Rety

TS 732 702 959 67.0 91.5 59.5 81.3 732 71.8 98.1 70.8 96.6 67.8 92.5 732 71.6 97.8 70.7 96.5 68.0 92.8
English 79.6 772 97.0 739 929 67.2 844 79.6 792 994 78.6 98.8 764 959 79.6 79.0 99.3 78.6 98.7 77.1 96.8
Spanish 747 705 945 657 879 57.0 763 747 733 98.1 71.1 953 67.0 89.8 747 719 964 712 954 669 89.6
Arabic 69.6 672 96.6 64.6 928 54.7 78.6 69.6 67.4 96.8 664 953 62.5 898 69.6 67.5 97.0 66.2 952 63.0 90.5
Chinese (S.) 69.0 659 955 63.8 924 59.2 857 69.0 67.6 97.9 67.0 97.0 653 94.6 69.0 68.0 98.6 669 969 65.1 94.2

T4 69.4 672 969 634 91.5 56.1 81.0 69.4 68.0 98.0 66.6 96.0 63.2 91.2 694 68.0 98.0 658 949 63.5 91.6
Russian 752 725 963 682 90.7 587 780 752 739 982 725 964 67.0 89.1 752 738 98.1 70.9 943 67.7 90.0
Hindi 68.8 66.5 96.6 61.4 89.2 535 7777 688 67.6 982 655 951 634 92.1 688 67.6 982 655 951 643 935
Basque 64.1 62.7 97.7 60.7 94.6 56.1 87.4 64.1 62.6 97.6 619 96.6 59.3 925 64.1 62.6 97.6 61.1 953 58.5 91.2

T3 72.1 702 972 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 96.5 583 929 52.6 839 62.7 61.1 974 592 944 57.7 920 62.7 61.1 974 588 938 57.1 91.0
Swahili 62.7 60.6 96.5 583 929 52.6 839 62.7 61.1 974 592 944 57.7 920 62.7 61.1 974 588 938 57.1 91.0

T1 653 63.1 96.7 60.2 923 549 842 653 640 98.1 629 96.4 60.7 93.0 653 642 983 623 955 60.1 92.0
Telugu 68.7 66.6 969 62.8 91.4 57.0 829 68.7 67.8 98.7 663 96.5 643 93.5 68.7 68.0 989 657 956 63.6 92.6

Burmese 61.8 59:6 96.5 57.6 93.1 52.8 854 61.8 603 97.5 59.6 96:4 57.1 924 61.8 604 97.8 59.0 955 56.5 914

Avg 69.7 672 96.5 639 91.8 57.0 82.0 69.7 68.4 98.1 67.1 962 643 922 69.7 683 98.0 66.7 956 64.1 92.0

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

Gemma4 - XStoryCloze
Standard Global

Tier/Language r=8 r=4 Rety r=3 Rets r=2 Ret2 r=8 r=4 Retsy r=3 Rets r=2 Rete

TS 710 747 970 721 937 650 844 77.0 750 975 723 939 656 852
English 842 823 9777 798 948 735 873 842 827 983 801 952 734 872
Spanish 789 76.1 965 731 927 666 844 789 760 964 735 931 66.8 847
Chinese (S.) 733 713 972 683 931 59.6 813 733 719 981 68.0 928 614 83.7
Arabic 715 692 968 672 940 604 845 715 694 971 674 944 61.0 853

T4 732 709 967 680 929 625 854 732 708 967 685 935 624 852
Russian 789 774 98.1 731 927 665 843 789 770 977 748 948 664 842
Hindi 70.8 678 957 670 946 61.8 873 708 689 973 668 943 624 88.1
Basque 700 675 964 639 913 592 845 700 666 951 639 913 583 833

T3 76.6 741 96.8 70.7 923 650 849 766 740 96.6 713 931 657 857
Indonesian 76.6 741 96.8 70.7 923 650 849 766 740 96.6 713 931 657 857

T2 71.0 672 947 662 933 594 836 710 677 953 666 938 612 862
Swahili 71.0 672 947 662 933 594 836 71.0 677 953 666 938 612 862

T1 67.7 656 969 630 931 578 853 677 659 974 628 928 584 863
Telugu 70.7 672 951 650 919 607 859 707 679 96.1 649 918 604 854
Burmese 647 639 987 610 943 549 848 647 639 988 60.8 939 565 872

Avg 73.7 713 967 687 932 625 848 737 715 97.0 689 935 63.0 855

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

Qwen3 - Translation

Standard Global Token v

Tier/Language r=8 r=4 Rety r=3 Ret3 r=2 Reto =8 r=4 Rety r=3 Rets r=2 Rety r=8 r=4 Rety r=3 Rets r=2 Rets

TS 63.6 602 945 509 799 124 19.5 63.6 62.7 985 614 96.4 56.7 89.0 63.6 62.6 983 612 96.1 56.6 88.8
French 68.1 66.2 972 59.7 87.6 16.7 245 68.1 67.7 994 672 98.7 63.3 93.0 68.1 679 99.7 669 982 64.0 939
German 68.1 65.1 95.6 563 82.6 125 183 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 61.7 925 46.1 69.2 10.6 158 66.6 643 96.5 63.0 94.5 55.1 82.7 66.6 650 97.6 629 944 564 84.6
Spanish 61.5 589 958 529 86.0 134 21.8 61.5 609 99.0 589 958 56.7 923 61.5 60.2 98.0 59.1 962 56.0 91.2

Chinese (S.) 59.6 55.7 934 464 779 122 204 59.6 59.1 992 57.5 96.5 53.1 89.1 59.6 58.1 97.5 56.6 949 523 87.7
Japanese 579 535 923 442 763 94 162 579 56.6 97.7 549 947 499 86.1 579 569 98.1 55.1 952 49.5 85.5

T4 63.7 59.2 93.0 49.0 769 11.8 185 63.7 623 97.8 604 948 53.5 83.8 63.7 624 979 60.7 952 532 833
Portuguese  71.7 67.6 942 60.8 84.8 16.7 233 71.7 71.1 99.1 70.1 97.8 66.7 929 71.7 71.1 99.1 704 98.1 66.6 92.9
Catalan 71.0 66.4 935 562 79.1 13.0 183 71.0 69.4 97.6 679 956 62.8 883 71.0 69.8 983 68.1 959 622 875
Swedish 69.8 66.5 953 564 80.8 13.5 194 69.8 689 98.7 673 96.4 62.6 89.6 69.8 69.0 98.8 67.6 96.8 59.9 85.7
Serbian 67.6 63.0 932 524 77.5 11.0 163 67.6 662 98.0 64.8 959 544 80.5 67.6 663 98.1 64.8 959 582 86.1
Czech 658 629 957 525 79.8 11.5 174 658 643 97.8 635 965 56.5 859 658 64.6 982 63.7 969 589 89.6
Hindi 644 594 923 439 682 9.0 140 644 632 983 60.0 932 50.8 789 644 63.1 98.1 613 952 434 673
Croatian 642 59.6 929 485 756 10.6 16.5 642 63.1 984 613 955 55.1 858 642 633 98.7 61.0 95.1 53.7 83.7
Turkish 63.8 573 89.9 44.0 69.0 109 17.1 63.8 62.6 982 603 94.6 48.0 752 63.8 622 97.6 59.9 94.0 50.3 78.8
Hungarian ~ 63.3 58.7 92.8 46.5 734 12.1 19.1 633 622 983 59.7 943 519 82.0 633 620 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 63.1 625 99.0 62.1 98.3 58.0 91.8 63.1 62.0 98.1 619 98.0 582 922
Vietnamese  63.0 589 934 50.0 79.3 10.1 16.0 63.0 61.3 97.2 599 95.1 544 863 63.0 61.7 97.9 60.2 954 56.2 89.1
Russian 63.0 60.8 96.5 51.6 82.0 10.7 17.0 63.0 62.0 984 61.0 969 564 89.5 63.0 623 989 61.5 97.6 55.8 88.6
Persian 62.1 554 89.1 428 689 10.7 172 62.1 60.0 96.5 572 92.0 46.8 752 62.1 60.4 97.3 57.8 93.0 45.8 73.7
Finnish 60.8 558 91.8 44.6 734 10.7 17.6 60.8 589 96.9 569 93.6 488 80.2 60.8 592 974 57.1 939 46.0 75.6
Korean 59.6 533 89.5 46.2 77.5 13.1 22.0 59.6 57.8 97.0 55.0 92.4 493 828 59.6 579 972 56.5 948 484 81.2
Dutch 59.1 559 945 472 79.7 125 21.2 59.1 584 98.8 57.1 96.6 54.1 91.5 59.1 585 99.0 57.8 97.8 55.0 93.0
Polish 585 56.5 96.5 48.1 823 11.7 199 585 57.6 984 559 955 51.8 884 585 57.1 97.6 56.6 96.7 52.0 88.8
Basque 549 474 864 355 646 10.1 184 549 515 940 473 862 352 642 549 52.0 947 48.1 87.7 34.1 62.1

T3 63.7 57.7 904 450 70.0 10.1 158 63.7 61.8 97.0 58.8 92.1 48.7 75.8 63.7 61.8 97.0 589 922 452 70.0
Afrikaans 7577 70.0 924 579 76.4 124 164 757 743 98.1 71.5 944 64.0 845 757 743 982 719 949 61.0 80.6
Danish 719 68.1 947 56.2 78.1 12.1 16.8 719 702 97.6 69.6 96.8 62.5 87.0 71.9 70.1 97.5 69.5 96.7 61.8 859
Malay 693 642 926 553 79.7 11.8 17.1 69.3 68.0 98.1 65.1 939 573 82.6 69.3 68.1 983 656 94.6 58.0 83.7
Romanian 68.6 655 954 553 80.6 129 188 68.6 67.8 98.8 67.1 97.8 61.1 89.1 68.6 679 989 669 97.5 60.6 88.3
Hebrew 67.7 61.3 90.5 49.7 734 122 18.1 67.7 649 959 626 924 550 812 67.7 64.6 954 62.6 924 435 643

Indonesian  67.4 63.0 93.5 56.0 832 129 19.2 674 66.1 98.1 65.1 96.7 60.5 89.8 67.4 66.0 98.0 64.6 959 60.2 89.4
Bulgarian 672 63.7 948 52.7 785 93 13.8 672 66.5 99.0 64.7 96.4 557 829 672 66.1 984 64.8 96.6 57.5 85.6
Filipino 67.1 60.6 904 50.2 749 12.0 179 67.1 65.6 97.8 63.0 939 52.1 77.8 67.1 658 98.0 623 929 51.6 77.0
Slovak 652 61.1 93.8 50.5 77.5 124 19.1 652 64.6 99.1 623 956 554 850 652 645 989 62.8 96.4 545 83.7
Cebuano 647 59.8 923 429 663 11.8 182 647 629 972 58.1 89.8 46.5 71.8 64.7 63.1 97.5 58.6 90.5 489 75.5
Ukrainian 64.6 60.7 939 50.5 78.1 92 143 646 632 979 62.0 96.0 559 86.5 646 63.6 984 619 958 319 494
Latvian 63.5 573 903 457 72.0 11.3 17.7 63.5 623 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 62.0 585 943 442 713 7.8 12.6 62.0 609 982 58.6 945 49.8 803 62.0 60.5 97.5 582 939 453 73.1
Slovenian 61.9 575 92.8 469 757 12.6 203 619 603 974 583 94.1 50.0 80.7 61.9 60.1 97.0 58.0 93.6 50.2 81.0
Estonian 61.4 558 90.8 42.1 68.6 11.0 179 61.4 59.0 96.1 56.7 924 482 785 614 59.0 962 569 92.7 48.5 79.1
Lithuanian ~ 60.8 554 91.2 448 73.6 10.6 17.3 60.8 59.5 97.8 563 92.6 483 79.4 60.8 58.6 964 56.2 924 458 753

Bengali 60.3 51.5 853 388 642 7.5 124 603 57.6 956 53.6 88.8 412 683 60.3 57.0 945 54.5 904 36.5 60.5
Thai 60.2 503 83.6 379 63.0 54 9.0 602 581 96.6 549 912 414 68.8 602 588 97.7 552 91.8 432 71.8
Urdu 59.8 524 87.6 368 61.4 73 123 598 563 942 512 856 384 642 59.8 56.7 94.8 53.0 88.5 38.0 63.6
Kazakh 583 50.2 86.0 324 556 58 10.0 583 544 933 484 83.0 358 613 583 545 934 495 848 32.0 549
Tamil 56.7 46.7 824 30.0 53.0 7.2 127 56.7 542 95.6 488 86.1 319 56.2 56.7 545 96.0 49.2 86.8 23.1 40.7
Uzbek 56.1 45.7 815 31.6 563 10.1 18.1 56.1 53.7 957 49.6 88.5 33.1 59.1 56.1 53.0 945 50.1 89.3 153 272

Georgian 538 473 879 267 49.6 7.6 142 538 50.7 943 452 84.0 27.1 50.5 538 513 954 423 787 229 427

Table 39: Performance (%) and retention (Ret,) at r=k=8 and r€{4, 3, 2} for Qwen3 on Translation under top-k
reduction, global «, and token «. 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 Token o

Tier/Language r=8 r=4 Rety r=3 Rets r=2 Rety r=8 r=4 Rety r=3 Rets r=2 Rety =8 r=4 Rety r=3 Rets r=2 Rety

T2 56.8 482 849 31.7 557 9.6 17.1 56.8 533 938 492 86.6 342 60.0 56.8 53.0 93.4 489 86.0 32.8 57.7
Maltese 62.5 538 86.1 35.6 569 10.5 168 625 59.0 944 542 86.7 381 609 625 57.6 922 535 856 349 558
Punjabi 61.6 51.6 83.7 351 57.0 9.1 147 61.6 592 96.1 54.1 87.7 39.2 63.6 61.6 587 952 549 89.1 32.1 52.1
Marathi 60.2 53.5 88.8 37.2 61.8 10.1 16.8 602 57.0 94.7 53.5 88.8 39.5 656 60.2 57.6 957 528 87.6 369 61.3
Lao 56.6 47.4 83.8 262 463 40 7.0 56.6 532 941 503 889 312 552 56.6 534 945 495 874 322 569
Icelandic 542 477 88.0 344 634 115 21.2 542 505 93.1 46.4 855 369 679 542 505 93.0 472 87.1 39.0 719
Haitian Creole 51.8 43.8 84.6 28.7 555 11.1 21.4 51.8 48.6 938 44.6 86.1 30.7 59.2 51.8 479 924 444 856 31.8 613
Swabhili 50.2 39.7 79.1 24.6 49.1 10.8 21.5 502 454 903 41.4 824 24.0 478 50.2 456 90.7 399 794 225 448

T1 573 488 84.7 329 56.1 7.7 133 573 543 948 502 873 34.8 59.4 573 544 948 502 87.1 30.8 52.7

Norwegian 749 70.6 942 563 752 13.0 174 749 732 978 722 965 66.6 839 749 742 99.1 722 964 674 90.0
Macedonian ~ 66.5 61.5 92.5 493 74.1 104 156 66.5 64.6 97.1 624 93.7 538 809 66.5 645 969 62.6 94.1 528 793

Albanian 63.6 582 915 419 659 13.0 204 63.6 60.5 951 58.0 91.1 509 80.1 63.6 61.3 963 583 91.6 358 56.2
Nepali 62.1 532 857 389 627 84 135 62.1 583 938 53.6 864 399 643 62.1 583 93.8 54.0 869 263 424
Gujarati 62.1 534 86.1 31.7 51.1 63 10.1 62.1 593 956 559 90.0 36.8 592 62.1 589 949 559 90.1 219 353
Armenian 61.6 522 847 345 559 46 75 61.6 597 969 549 89.0 393 638 61.6 59.1 959 545 885 34.0 553
Telugu 609 47.1 773 327 537 50 82 609 570 93.6 524 862 21.7 356 609 559 91.8 533 875 20.5 33.7
Malayalam 59.5 499 83.8 328 552 7.0 11.8 59.5 557 93.6 52.1 875 32.0 53.7 59.5 574 964 534 89.8 31.1 522
Javanese 59.1 51.3 86.8 389 658 11.0 187 59.1 57.1 96.5 53.4 904 419 709 59.1 56.1 949 52.1 88.1 394 66.7
Kannada 57.6 49.6 86.1 350 60.7 6.7 11.7 57.6 545 946 50.8 88.1 30.2 524 57.6 544 943 502 87.1 31.1 539
Sundanese 56.0 48.6 86.8 355 633 10.0 17.8 56.0 52.0 92.8 488 87.1 358 639 56.0 51.5 919 47.8 853 343 6l.1
Oriya 543 442 814 279 513 55 10.1 543 50.7 933 454 83.6 275 50.7 543 502 924 46.1 849 26.8 493

Assamese 532 42.6 80.1 28.7 540 7.2 13.6 532 49.1 923 435 81.8 269 505 532 49.4 929 44.6 839 23.8 448
Azerbaijani 524 453 86.5 34.6 66.1 87 166 524 505 96.4 47.6 90.8 343 655 524 499 952 469 89.5 30.5 583

Khmer 50.4 419 832 160 31.7 40 8.0 504 478 949 402 79.7 26.0 51.6 504 50.0 99.2 443 879 245 48.6
Tajik 499 409 82.1 203 40.7 72 145 499 448 899 395 792 215 43.0 499 440 883 37.6 755 163 32.7
Sinhala 48.6 37.0 76.0 24.0 494 8.1 167 48.6 440 905 38.0 78.1 21.5 44.1 48.6 444 913 373 76.6 188 38.7
Burmese 38,5 31.1 80.6 129 335 26 69 385 39.1 101.5 355 922 193 50.0 385 39.0 101.1 322 83.6 19.3 50.2
Avg 61.4 551 894 422 67.7 10.1 163 614 593 965 563 914 457 733 614 593 964 564 914 433 69.4

Table 40: Performance (%) and retention (Ret,.) at r=k=8 and r€{4, 3, 2} for Qwen3 on Translation under top-k
reduction, global «, and token «. 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 o Token o

Tier/Language r=8 r=4 Rety r=3 Rets r=2 Rety =8 r=4 Rety r=3 Rets r=2 Rety r=8 r=4 Rety r=3 Rets3 r=2 Reta

TS 63.6 594 933 519 81.6 31.7 49.7 63.6 633 995 62.7 98.6 60.6 952 63.6 634 99.7 63.0 99.0 615 96.7
German 69.5 65.6 944 572 823 36.0 51.7 69.5 69.2 99.6 685 985 672 96.6 69.5 693 99.8 68.6 98.7 67.8 97.6
French 684 66.7 97.5 58.8 859 43.1 63.1 684 684 100.0 67.9 993 66.7 97.6 684 683 998 673 985 66.6 974
Arabic 66.8 63.2 94.6 519 77.7 26.1 39.0 668 66.1 989 663 99.1 642 96.0 668 66.5 99.6 662 99.0 63.7 95.3
Spanish 60.2 589 97.8 55.6 924 343 57.0 60.2 60.3 1002 60.1 99.8 59.7 99.2 60.2 60.3 100.2 60.2 100.0 59.7 99.1

Chinese (S.) 59.8 522 872 444 741 238 39.8 59.8 585 97.7 569 95.1 549 91.8 59.8 588 983 582 973 57.8 96.6
Japanese 56.8 50.0 88.2 43.8 77.2 269 473 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 645 609 943 525 81.1 313 483 645 643 99.7 638 989 619 959 645 643 99.6 638 988 624 96.6
Portuguese 725 69.7 962 564 77.8 39.5 54.6 725 721 995 715 98.6 69.8 964 725 723 99.7 715 98.6 70.7 97.6
Catalan 717 699 975 63.5 885 379 529 71.7 712 994 705 983 69.1 965 71.7 71.1 992 70.7 98.6 69.4 96.8
Swedish 70.1 673 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 96.7 552 79.7 30.6 442 693 68.8 993 688 993 66.7 963 69.3 685 988 68.1 983 662 956
Czech 67.1 643 958 564 842 359 535 67.1 66.8 99.6 664 99.0 652 972 67.1 669 998 662 98.7 650 97.0
Persian 648 609 939 553 854 236 364 648 633 977 62.6 96.7 61.0 942 648 63.8 984 62.7 96.8 613 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 98.5 623 964 64.7 65.0 100.6 63.5 982 623 96.4
Croatian 64.6 59.1 91.6 545 84.4 29.1 45.0 64.6 64.7 100.1 64.8 1003 63.0 97.6 64.6 64.6 100.0 644 99.7 62.7 97.1
Turkish 644 589 914 500 77.7 279 433 644 64.8 100.5 64.7 1004 622 965 644 64.1 99.5 64.4 100.0 61.8 959
Russian 63.6 612 962 49.8 783 323 50.8 63.6 63.5 999 634 99.7 615 96.7 63.6 63.5 999 62.7 98.6 619 974

Hungarian ~ 63.6 574 903 523 823 31.6 49.6 63.6 635 999 633 99.6 60.8 957 63.6 639 1005 63.0 99.1 61.6 96.9
Vietnamese 63.2 589 93.1 444 702 289 457 632 63.5 1004 629 994 614 97.1 632 63.6 100.6 62.7 99.2 61.6 97.5

Italian 62.7 604 963 55.1 88.0 37.0 59.1 62.7 625 99.6 622 99.3 61.7 984 62.7 62.7 100.1 62.6 99.9 613 97.8
Finnish 623 549 882 503 80.7 28.1 451 623 622 100.0 609 97.8 57.8 929 623 60.7 97.4 61.5 987 592 952
Korean 60.3 54.5 903 435 72.1 289 48.0 603 60.2 99.8 59.2 98.1 557 924 603 59.8 99.1 593 983 572 949
Dutch 59.6 58.0 97.3 484 812 343 57.6 59.6 594 99.7 592 993 58.6 983 59.6 593 99.5 593 995 58.7 984
Polish 59.4 579 975 474 79.8 19.7 332 59.4 588 989 584 983 56.5 95.1 59.4 58.6 98.7 583 98.1 57.6 96.9
Basque 58.1 542 933 449 773 264 454 58.1 573 985 569 98.0 53.8 925 58.1 582 100.1 57.8 994 553 952
T3 65.0 60.2 926 53.0 814 27.7 422 650 646 994 639 984 616 948 650 645 992 638 982 620 954
Afrikaans 76.8 747 973 69.0 89.9 33.8 44.0 768 76.6 99.7 763 99.3 744 96.8 768 76.7 99.8 76.1 99.0 755 982
Danish 725 682 94.1 61.1 844 427 589 725 719 992 712 983 70.0 96.6 725 708 97.7 70.7 97.5 69.7 96.1
Malay 70.5 68.7 974 639 90.7 382 542 705 70.1 99.5 69.1 98.0 679 963 70.5 69.8 989 69.2 98.1 68.1 96.6
Romanian 69.5 61.0 87.7 569 81.8 27.8 40.0 69.5 69.3 99.7 685 985 67.5 97.1 69.5 694 999 68.6 98.6 67.6 97.3
Hebrew 68.6 63.7 92.8 56.4 822 319 46.6 68.6 685 999 679 989 656 956 68.6 68.1 992 67.7 98.7 66.1 96.4
Filipino 68.4 632 925 552 80.7 240 352 684 67.0 979 654 957 63.0 922 684 672 983 66.1 96.7 642 939

Indonesian ~ 68.2 66.1 969 58.5 85.8 37.3 54.7 682 682 999 672 984 66.8 979 682 68.0 99.7 67.5 989 66.8 97.9
Bulgarian 67.8 65.6 96.7 594 87.6 350 51.6 67.8 684 1009 67.6 99.7 66.5 98.1 67.8 68.0 1002 67.7 99.9 65.6 96.8
Slovak 663 624 942 543 82.0 315 475 663 66.2 100.0 66.1 99.8 63.8 962 663 653 985 657 992 64.1 96.8
Cebuano 655 61.5 939 533 813 30.0 458 655 644 984 63.1 964 603 920 655 644 983 632 964 615 93.8
Ukrainian 65.5 56.5 863 539 823 339 51.7 655 64.7 988 644 983 622 950 655 653 99.8 645 985 624 953
Latvian 65.1 584 89.7 509 78.1 264 40.5 65.1 644 989 644 989 615 945 651 642 98.6 639 98.1 615 944
Estonian 639 563 882 523 81.8 20.6 322 639 632 989 63.6 99.6 592 92.8 639 63.6 99.7 62.6 98.0 60.6 94.9
Slovenian 63.8 60.0 94.1 522 819 234 36.6 63.8 63.0 988 623 97.6 60.7 951 63.8 63.9 1002 629 98.7 60.5 94.8

Greek 62.4 57.1 91.4 522 837 263 422 624 625 100.1 61.8 99.0 61.6 98.7 624 62.5 100.1 614 983 61.0 97.7
Bengali 61.7 59.1 957 50.1 81.2 26.1 424 61.7 60.7 983 60.2 97.5 572 92.7 61.7 60.2 97.6 59.2 96.0 583 944
Lithuanian ~ 61.5 588 95.6 50.7 824 244 39.7 615 61.3 99.5 603 98.0 581 944 615 60.8 988 594 96.5 57.6 935
Urdu 60.8 55.7 91.6 439 72.1 20.7 34.0 60.8 60.0 98.7 58.7 964 554 91.1 60.8 60.4 99.3 593 974 549 90.3
Thai 60.0 50.3 83.8 482 804 258 43.0 60.0 60.1 1002 59.8 99.6 58.0 96.7 60.0 59.9 99.8 59.7 99.5 582 97.1
Uzbek 599 56.5 94.4 440 73.6 248 41.5 599 60.2 100.6 60.1 1004 554 925 599 59.8 99.8 589 983 564 94.2
Kazakh 59.4 55.6 93.6 432 72.8 18.3 30.8 59.4 592 99.7 585 98.6 552 93.0 59.4 59.0 994 58.6 98.7 56.2 94.7
Georgian 582 529 909 457 785 17.0 29.2 582 57.6 99.1 56.6 974 535 919 582 58.0 99.6 57.1 98.1 552 94.8
Tamil 57.6 524 91.0 440 764 166 288 57.6 57.5 99.8 565 982 53.8 935 57.6 57.1 992 56.7 985 543 943

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

Standard Global Token o

Tier/Language r=8 r=4 Rety r=3 Ret3 r=2 Reto r=8 r=4 Rety r=3 Ret3 r=2 Rets r=8 r=4 Rety r=3 Ret3 r=2 Retz

T2 56.0 514 915 432 765 195 344 56.0 55.0 97.8 53.7 955 493 872 56.0 551 982 54.0 96.0 50.6 89.5
Maltese 747 73.0 97.7 62.8 84.1 29.6 39.6 747 75.0 1004 746 999 71.6 958 747 745 998 743 994 72.1 96.6
Swahili 64.6 60.1 93.0 52.5 81.2 25.8 40.0 64.6 645 99.7 634 98.1 588 91.0 64.6 632 978 63.5 983 59.6 92.3
Punjabi 624 60.2 96.5 53.7 86.1 18.8 30.2 624 62.1 99.6 61.6 98.7 579 92.8 624 624 100.0 61.4 985 58.5 938
Haitian Creole 61.6 57.1 92.6 492 79.9 255 414 61.6 61.7 100.1 60.2 97.8 569 924 61.6 60.8 98.6 60.6 983 56.5 91.8
Marathi 612 579 94.6 48.8 79.6 23.8 389 612 609 99.5 599 97.8 56.8 92.7 612 60.6 99.0 59.5 97.1 574 938
Icelandic 60.2 55.6 922 50.1 832 240 399 60.2 59.7 99.0 582 96.7 554 919 60.2 59.6 99.0 584 97.0 57.0 94.6
Lao 59.1 53.1 89.8 404 683 13.6 23.0 59.1 587 993 585 99.0 550 93.0 59.1 589 99.7 583 98.6 555 939
Zulu 58.1 549 945 479 823 233 40.1 58.1 57.1 982 558 96.0 514 884 58.1 574 987 555 955 524 90.2
Xhosa 56.5 47.6 843 38.0 672 150 265 565 545 96.5 535 94.6 48.0 849 565 549 97.1 539 955 51.2 90.6
Ambaric 545 475 87.0 37.6 689 122 224 545 53.1 974 51.0 935 444 814 545 540 99.0 51.7 949 464 85.1
Hausa 54.0 50.2 93.1 41.8 77.5 233 43.1 540 527 977 50.1 929 447 829 540 52.6 97.6 523 97.0 49.1 91.0
Tswana 482 42.1 872 338 70.0 163 3377 482 469 972 441 913 39.6 82.1 482 47.1 97.7 457 948 41.1 852
Tigrinya 447 39.6 88.7 322 72.1 127 283 447 423 946 41.0 91.7 364 814 447 436 977 41.0 919 36.5 81.7
Yoruba 433 39.1 90.5 302 699 14.7 339 433 40.7 941 403 932 352 81.5 433 414 956 394 91.1 365 844
Wolof 37.1 33.6 90.7 284 76.6 132 35.6 37.1 34.8 939 33.7 90.8 28.0 75.6 37.1 355 95.6 34.1 919 29.0 78.2

T1 539 49.0 90.5 40.1 738 184 343 539 529 978 514 947 474 86.7 539 53.0 97.8 51.6 952 48.2 88.1

Norwegian 7577 71.0 939 659 87.1 37.7 499 757 75.6 100.0 75.7 100.0 74.0 97.8 757 75.1 99.2 754 99.6 74.0 978
Macedonian 67.5 64.7 959 599 88.7 309 458 67.5 67.5 100.1 66.5 98.6 653 96.8 67.5 67.0 99.2 67.0 99.3 65.1 96.5

Albanian 66.6 623 93.6 53.8 80.8 27.1 40.6 66.6 66.0 99.1 659 989 63.8 958 66.6 66.6 100.0 658 98.9 64.0 96.0
Armenian 64.1 615 959 51.7 80.6 27.0 422 64.1 63.5 99.0 628 979 592 923 64.1 63.7 99.5 63.1 985 612 955
Gujarati 63.7 599 940 519 814 148 23.1 63.7 63.1 99.0 61.4 963 588 922 63.7 624 979 61.5 965 59.1 92.7
Javanese 63.3 58.0 91.7 485 76.6 240 379 633 612 96.8 60.6 958 569 90.0 633 623 985 60.8 96.1 58.0 91.7
Telugu 629 56.7 90.1 43.7 69.5 15.8 25.1 629 61.8 982 603 959 573 91.1 629 619 984 603 959 59.1 939
Nepali 623 594 954 473 76.0 219 351 623 63.2 1014 61.7 99.1 59.1 949 623 629 1009 61.3 98.4 584 93.8

Malayalam 61.9 56.6 914 478 773 13.7 222 619 619 100.1 602 973 56.6 91.5 61.9 61.7 998 602 974 57.6 93.1
Sundanese 61.0 554 90.7 50.2 822 212 347 61.0 603 98.7 588 963 56.6 92.7 61.0 59.8 98.0 589 96.4 56.9 93.3

Oriya 59.5 57.6 96.7 450 75.6 20.8 35.0 59.5 60.2 101.2 585 984 54.8 92.0 59.5 60.6 101.9 59.0 99.1 56.3 94.6
Sinhala 59.4 51.8 87.3 433 73.0 143 24.1 59.4 582 981 57.0 96.0 525 885 59.4 59.1 99.6 564 950 53.6 90.4
Tajik 59.4 56.6 954 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 589 54.6 92.8 32.6 553 10.7 182 589 58.6 99.5 57.7 98.0 552 93.7 589 584 992 575 97.7 55.6 94.4
Khmer 569 53.1 935 350 61.5 158 27.8 569 56.6 99.6 552 97.1 50.8 89.3 569 56.7 99.8 56.4 99.2 523 92.0
Kurdish 56.6 50.7 89.5 36.7 648 15.8 279 56.6 553 97.6 523 925 48.8 863 56.6 550 972 53.8 95.1 48.6 859
Pashto 56.1 49.2 87.7 384 685 18.6 332 56.1 549 979 539 96.0 484 863 56.1 557 993 532 948 494 88.0
Southern Sotho 55.9 50.5 90.3 42.4 759 20.0 359 559 541 969 509 912 44.0 78.7 559 539 965 525 94.0 473 84.6
Assamese 554 523 944 43.1 77.8 212 382 554 533 962 529 954 473 854 554 539 972 527 95.1 47.7 86.1

Mongolian 55.1 48.0 87.1 31.0 563 14.0 254 55.1 552 100.1 52.6 953 49.5 89.8 55.1 552 1002 52.6 955 50.1 90.9
Azerbaijani 548 52.8 963 46.0 83.8 22.8 41.6 548 545 994 529 964 505 92.1 548 545 993 535 97.6 512 934

Kyrgyz 53.0 47.8 90.1 42.0 79.2 182 343 53.0 51.2 96.6 50.8 959 48.8 922 53.0 50.6 955 51.1 96.5 47.8 90.2
Kinyarwanda 524 49.6 94.7 39.7 757 18.7 357 524 52.1 993 509 97.1 462 882 524 520 993 50.8 969 47.4 90.3
Burmese 522 47.1 903 373 714 158 303 522 523 1002 503 96.5 462 885 522 523 100.3 50.6 97.0 485 929
Malagasy 51.3 463 903 40.6 79.1 185 36.1 51.3 504 983 488 953 434 84.6 513 51.0 995 494 96.4 46.8 91.3
Somali 503 45.0 89.5 37.1 739 18.1 359 503 509 101.3 49.1 97.6 453 90.1 50.3 50.4 100.3 49.8 99.1 45.5 90.5
Maori 50.2 40.1 799 35.1 69.8 17.7 352 502 493 98.1 47.6 947 429 854 502 493 982 48.1 958 442 88.1
Igbo 492 432 87.8 37.0 751 172 350 492 48.0 975 462 939 40.8 829 492 479 973 465 945 41.0 832
Shona 47.6 43.1 90.5 340 715 17.1 359 47.6 466 98.0 456 958 39.6 832 47.6 454 953 448 94.1 41.6 873
Chichewa 46.7 434 92.8 32.6 69.8 17.6 37.6 46.7 462 99.0 450 963 40.2 86.1 46.7 47.3 101.3 44.6 955 428 91.7
Swati 452 385 85.1 333 73.6 15.1 33.4 452 432 956 414 91.6 344 76.1 452 43.6 963 420 92.8 37.0 819
Luganda 40.3 36.1 89.7 31.3 77.7 15.1 37.4 403 373 927 354 87.8 314 779 403 38.7 96.0 36.0 89.3 30.6 76.0
Lingala 39.8 36.0 90.3 30.7 77.0 154 388 39.8 37.8 950 359 902 314 79.0 39.8 37.6 945 36.6 92.0 329 825
Guarani 39.6 31.3 79.1 24.1 61.0 135 34.0 39.6 38.6 974 359 90.6 313 79.1 39.6 374 945 364 918 293 74.0
Oromo 38.7 333 862 252 653 122 31.5 387 350 90.6 319 825 257 66.5 38.7 355 91.7 335 86.7 263 68.1
Tibetan 36.1 29.6 819 21.7 60.2 123 342 36.1 33.7 933 312 86.5 26.1 722 36.1 342 948 31.7 879 245 679
Bambara 242 20.6 85.1 17.8 73.4 11.1 46.0 242 209 86.1 199 82.1 169 69.7 242 20.1 829 19.1 788 164 679
Avg 59.3 54.8 92.0 46.5 77.8 239 39.6 593 58.6 98.6 57.6 96.7 544 909 59.3 58.6 98.6 57.7 969 55.1 92.1

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

Standard Global a

Tier/Language r=8 r=4 Rety 7r=3 Rets r=2 Reta r=8 r=4 Rety r=3 Rets r=2 Rets

TS 647 643 993 635 980 579 894 647 644 994 635 981 593 917
French 69.8 694 995 694 994 651 932 698 695 995 685 980 664 951
German 694 69.0 995 690 995 641 924 694 69.1 996 688 992 650 93.6
Arabic 685 682 994 667 972 592 863 685 685 1000 675 984 589 86.0
Spanish 60.8 609 1000 592 974 551 906 608 606 996 60.1 98.8 573 942
Chinese (S.) 60.5 594 983 581 96.1 514 851 605 59.7 987 583 964 549 90.8
Japanese 59.3 587 99.0 583 983 525 885 593 587 991 579 976 535 902

T4 65.7 650 989 638 971 576 876 657 650 990 641 975 59.1 898
Catalan 73.0 728 998 720 986 664 910 73.0 727 997 720 987 677 928
Portuguese 72.8 725 99.6 717 985 663 O9I.1 728 725 997 718 986 69.1 950
Swedish 720 71.0 98.6 70.8 983 673 934 720 713 99.0 705 97.8 677 940
Serbian 70.7 69.6 984 688 973 59.7 844 707 69.7 985 687 97.1 633 895
Czech 68.0 675 994 658 968 629 925 680 672 989 66.6 979 628 924
Turkish 67.1 658 982 645 96.1 539 804 671 653 973 644 960 57.1 85.1
Hindi 66.6 659 989 640 960 56.6 850 666 662 994 644 967 56.6 849
Croatian 662 650 982 645 975 570 86.1 662 655 989 650 982 605 914
Hungarian 652 646 99.0 630 966 579 888 652 652 999 642 984 596 913
Russian 647 640 99.0 629 973 585 905 647 639 989 624 965 588 91.0
Vietnamese  64.4 64.1 995 625 97.0 527 818 644 640 994 629 976 56.1 87.1
Persian 643 621 96.6 614 955 53.0 825 643 628 977 619 962 546 850
Finnish 63.7 63.0 989 61.1 960 557 875 637 633 994 625 98.1 56.6 889
Italian 632 624 987 61.7 976 605 958 632 626 990 621 983 607 96.1
Korean 61.0 602 98.6 589 96.6 50.7 830 61.0 60.1 985 586 96.0 508 833
Dutch 602 599 995 592 983 564 936 602 598 993 589 978 573 952
Basque 60.2 595 989 576 956 46.0 765 602 593 986 58.6 973 49.0 814
Polish 59.2 592 999 579 977 550 928 592 590 995 584 985 549 926

T3 66.6 658 98.7 644 965 554 828 666 660 990 645 96.7 57.8 86.5
Afrikaans 789 780 989 757 96.0 695 882 789 778 987 767 973 712 90.2
Danish 725 724 998 720 993 683 942 725 726 1002 714 985 693 95.6
Filipino 71.6 703 983 69.7 974 614 857 71.6 705 985 69.7 974 642 89.6
Malay 714 71.0 994 695 974 63.1 884 714 708 991 70.0 98.0 650 91.0
Hebrew 71.1 705 99.1 69.8 983 56.0 788 71.1 706 993 694 977 605 852

Romanian 703 70.0 99.6 69.6 99.1 63.8 90.8 703 69.8 993 689 98.0 652 927
Bulgarian 699 69.1 989 689 986 63.0 902 699 694 994 69.0 987 655 938

Cebuano 69.5 679 978 668 96.1 564 813 695 684 985 673 969 604 87.0
Indonesian 69.1 682 98.6 669 967 59.8 865 691 690 998 67.0 96.8 62.0 89.6
Slovak 673 667 992 659 980 613 91.1 673 670 996 653 97.1 625 93.0
Ukrainian 663 654 98.6 647 975 592 893 663 66.1 996 643 97.0 609 91.8
Latvian 66.2 66.0 997 652 985 565 853 662 660 99.7 650 983 592 895
Estonian 65.8 647 983 638 969 56.1 852 658 652 990 639 971 592 899
Slovenian 645 634 982 626 971 553 857 645 635 984 621 962 575 892
Greek 643 642 999 624 97.1 555 863 643 637 992 622 967 592 921
Kazakh 63.1 612 971 579 919 414 657 63.1 61.6 97.7 595 943 481 763
Lithuanian 62.8 629 1002 610 97.1 544 866 628 625 996 61.1 974 549 87.6
Bengali 624 612 98.0 594 952 492 788 624 616 987 598 959 489 784
Urdu 62.1 61.0 98.1 587 945 449 722 621 61.1 985 592 954 41.6 669
Thai 620 605 976 594 958 503 812 620 612 987 60.0 968 532 859
Uzbek 620 599 96.7 56.1 904 40.7 656 620 60.7 980 582 939 464 748
Georgian 60.0 59.6 993 577 96.1 464 774 600 595 991 5677 945 488 813
Tamil 59.8 595 995 566 946 421 704 598 592 99.0 56.0 936 462 772

Table 43: Performance (%) and retention (Ret,.) at r=k=8 and r€{4, 3, 2} for Gemma4 on Translation under top-k
reduction and global . Per-language mean within tier. Part 1: tiers T5-T3.
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Gemmad4 — Translation

Standard Global o
Tier/Language r=8 r=4 Rety r=3 Rets r=2 Reta r=8 r=4 Rety r=3 Rets r=2 Ret
T2 584 565 963 537 91.1 407 683 584 568 97.0 539 915 441 742
Maltese 780 772 989 762 977 61.6 790 780 776 994 765 98.1 635 813
Swabhili 683 665 973 64.6 946 56.1 822 683 667 976 633 927 580 850
Punjabi 65.1 63.1 97.0 604 928 445 685 651 633 973 61.8 949 482 741
Haitian Creole 63.6 62.0 97.5 600 943 483 760 63.6 621 97.6 600 943 521 819
Marathi 632 6277 99.1 595 941 409 647 632 626 990 603 954 49.1 777
Lao 62.8 615 97.8 59.6 948 475 757 628 61.8 984 599 954 489 779
Icelandic 62.7 62.1 99.1 604 965 546 87.1 627 622 992 60.0 958 554 883
Zulu 61.7 60.6 982 579 938 448 725 61.7 600 972 570 923 46.1 748
Ambharic 59.8 569 952 547 916 383 64.1 598 583 976 540 903 44.0 73.7
Xhosa 58.8 564 959 523 89.0 38.0 646 588 565 960 528 89.8 424 721
Hausa 577 558 96.7 518 89.7 38.7 671 577 562 973 528 914 445 77.1
Tswana 499 477 956 442 885 325 651 499 478 958 438 87.6 344 69.0
Tigrinya 462 420 91.0 362 784 221 477 462 435 943 388 839 240 519
Yoruba 441 41.8 947 381 863 251 569 441 419 949 39.0 884 27.1 615
Wolof 342 31.1 91.1 288 843 18.1 53.1 342 317 928 280 819 229 67.1
T1 56.6 547 962 51.8 90.8 37.7 657 566 550 969 524 919 414 721
Norwegian 76.8 754 98.1 765 995 694 903 768 758 987 755 983 73.0 950
Macedonian 68.8 68.7 999 672 977 61.0 887 688 682 992 679 98.7 635 923
Albanian 68.1 673 989 658 96.6 583 856 681 672 986 663 974 60.6 89.0
Nepali 66.9 656 980 619 926 49.7 743 669 655 979 628 938 521 778
Armenian 66.6 662 994 645 968 523 785 66.6 658 988 645 96.8 54.1 812
Gujarati 649 637 98.1 60.6 933 400 61.6 649 639 984 62.1 956 481 740
Javanese 643 629 979 598 93.0 482 749 643 629 979 59.7 928 519 80.7
Telugu 642 6277 977 613 954 392 610 642 625 973 619 963 437 68.1
Malayalam 634 615 97.0 597 942 424 669 634 618 976 60.1 949 485 76.6
Tajik 619 59.1 956 551 89.1 385 623 619 595 96.1 56.7 91.7 457 739
Sundanese 61.8 60.1 972 575 93.0 395 639 61.8 603 976 578 934 456 73.7
Oriya 61.5 599 973 565 91.7 337 547 615 609 989 569 925 388 63.0
Sinhala 614 603 982 566 922 416 677 614 60.1 979 567 924 417 68.0
Kannada 60.6 59.1 974 577 952 39.6 653 60.6 595 981 572 944 456 752
Khmer 60.3 59.7 989 573 949 465 77.0 603 604 100.1 569 942 487 80.7
Kurdish 59.7 584 97.8 537 90.0 364 610 59.7 584 978 551 923 413 69.2
Mongolian 59.0 573 97.1 537 91.0 419 709 590 579 982 563 954 425 720
Southern Sotho 58.8 562 956 535 910 354 602 588 56.0 953 538 914 386 656
Pashto 575 555 966 534 929 355 618 575 562 979 532 926 370 643
Assamese 569 546 960 518 91.0 324 569 569 552 970 524 921 392 69.0
Malagasy 56.5 54.1 958 524 928 37.1 657 565 545 96.6 533 943 421 74.6
Burmese 564 538 954 495 877 359 637 564 543 963 513 909 38.6 684

Kinyarwanda 55.7 53.6 963 500 89.7 29.6 53.1 557 541 972 514 922 374 67.1
Azerbaijani 55,6 545 980 505 908 39.1 704 556 542 976 513 923 395 71.0

Somali 539 523 97.1 499 926 358 663 539 522 969 515 955 409 759
Kyrgyz 534 523 979 495 927 371 693 534 532 996 504 943 39.6 740
Igbo 53.0 495 934 452 853 340 642 53.0 505 952 462 872 383 722
Chichewa 51.6 50.0 96.7 486 942 368 712 516 505 978 484 938 392 759
Shona 515 498 96.7 471 915 349 679 515 500 973 477 928 377 733
Maori 500 488 975 458 915 328 656 500 493 985 452 904 362 724
Swati 475 433 913 374 788 222 468 475 443 933 40.1 844 268 564
Luganda 448 420 93.6 375 837 261 583 448 423 944 383 853 291 649
Lingala 445 423 951 390 877 283 635 445 423 950 395 887 332 745
Guarani 440 418 949 385 875 270 613 440 417 948 386 87.7 267 60.8
Oromo 438 394 899 368 84.0 222 508 438 404 923 36.6 837 270 617
Tibetan 409 358 87.6 31.1 76.1 179 439 409 370 90.7 324 792 205 50.1
Bambara 287 253 880 23.6 820 182 635 287 264 919 234 814 184 642
Avg 614 60.0 975 579 937 471 755 614 602 979 582 944 499 80.2

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