XLGoBench: Detecting cross-lingual skill gaps with algorithmic tasks
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Abstract

We introduce a set of synthetic algorithmic
tasks to detect cross-lingual gaps in the abil-
ities of large language models. Our bench-
mark is commensurate across languages, since
it requires models to perform the same un-
derlying task in different languages; scalable,
since each task can be generated at varying
levels of complexity allowing it to be adapted
to models with different capabilities; quantifi-
able, since every task admits an objective no-
tion of correctness; and transparent, since tasks
are generated from simple templates that can
be readily audited for translation errors. Be-
cause our benchmark focuses on algorithmic
tasks, differential performance is a sufficient—
but not necessary—indicator of cross-lingual
gaps. Nevertheless, we show through exten-
sive experiments that our benchmark exposes
persistent cross-lingual gaps in multiple state-
of-the-art models.'

1 Introduction

Large language models (LLMs) have had a
significant and increasing impact on society, in-
cluding in fields such as education (Hausman
etal., 2025), professional writing (Noy and Zhang,
2023), customer service (Brynjolfsson et al.,
2025), programming (Handa et al., 2025), and
others (Hausman et al., 2025). Nevertheless, the
widespread adoption of these models has exac-
erbated concerns about global inequality (Skare
et al., 2024; UNDP, 2025; Misra et al., 2025).

Cross-lingual gaps in the abilities of LLMs rep-
resent one facet of broader disparities faced by
users. These gaps persist because capability eval-
uation benchmarks are largely in English (Ahuja
et al., 2024), leaving model abilities across many

* Corresponding author: vpiratla@google.com
IReplication material for our benchmark is available on
GitHub.

non-English languages largely unmeasured (Wu
et al., 2025). On the other hand, it is encouraging
that LLMs show a measure of cross-lingual trans-
fer, which allows them to perform well even in
relatively low-resource languages (Nguyen et al.,
2024). Moreover, improvements in the abilities of
models can make LLMs more accessible to users
(Microsoft Al Economy Institute, 2026) and po-
tentially even empower linguistically marginalized
communities (Ding et al., 2024).

Therefore, removing cross-lingual gaps is both
important and potentially achievable. The first
step towards this objective is to precisely measure
cross-lingual gaps. Towards this goal, we intro-
duce a new synthetic benchmark.

Our benchmark XLGoBench comprises a set of
algorithmic puzzles. This offers some advantages
over alternate methods of measuring cross-lingual

gaps.

1. Transparency in translation: A recurrent
challenge in multilingual evaluations is to en-
sure translation accuracy. For example, popu-
lar multilingual benchmarks such as MMLU
(Hendrycks et al., 2021) and MGSM (Shi
etal., 2023) have been shown to contain trans-
lation, annotation or evaluation errors (Gema
et al., 2025; Singh et al., 2025; Peter et al.,
2025). This makes it unclear whether, for
example, the remaining 1.2% gaps between
English and Telugu on MGSM (Peter et al.,
2025) with Gemini-2.5-Flash arise from gen-
uine capability differences or experimental
errors. In contrast, our puzzles are formed
by combining a small set of templates. The
translation accuracy of these templates can be
checked by hand, as we did for our empirical
tests, using expert human raters. Therefore,
we do not expect translation errors to affect
our evaluations.

2. Scalability: Traditional multilingual evalua-
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Figure 1: We show a graph of accuracy vs complexity for selected languages for (a) Gemini-3-Flash for the Tour-
nament ranking task on the left and (b) Gemini-3.1-Flash-Lite for the Sequential Linear Transforms task on the
right. Significant cross-lingual gaps are observed in the intermediate complexity region, as performance in English
declines more slowly with complexity compared to other languages. The dots denote observed accuracy and the
solid lines and uncertainty bands are obtained by fitting a mathematical model described in Section 3 to the data.

tions involve a multi-step process and man-
ual collation. This has led to benchmarks that
include long-context reasoning (Kim et al.,
2025), expert knowledge (Xuan et al., 2025)
or hard coding tasks (Huang et al., 2025).
However, as models continue to improve,
such benchmarks are expected to saturate, re-
quiring the creation of new datasets.

In contrast, our puzzles can be scaled to ar-
bitrarily high complexity. This reduces the
accuracy of all models, including those that
we might train in the foreseeable future, and
exposes cross-lingual gaps where they exist.
Similarly, the complexity can also be scaled
down to test smaller models.

. Quantifiability: Since the answers to our

puzzles are easily verifiable, it is possible to
perform a large number of experiments. This
reduces potential statistical fluctuations in our
measurements and enables the precise quan-
tification of cross-lingual variation in model
performance. Moreover, we do not need to
use an LLM as a judge, removing another po-
tential source of ambiguities.

. Commensurate Tasks: In a multilingual test,

it is subtle to ensure the task performed in
one language is commensurate with a simi-
lar task in another language. For instance,
differences in nuance, sentence structure and
content might make it harder for models to
retrieve information from a corpus in one
language compared to another. Our tasks
sidestep this issue since our puzzles are sim-

ple to express and, at an abstract level, encode
a language-independent task that is the same
regardless of the prompt language.”

The use of synthetic algorithm-based tasks is
well-recognized for training and evaluating reason-
ing abilities of LLMs (Liu et al., 2025; Zhang,
2024; Tang et al., 2024; Wei et al., 2025; OpenAl,
2026; He et al., 2026). Nevertheless, it was not
a priori guaranteed that cross-lingual gaps in the
abilities of models on real-world tasks would be
reflected in the simple synthetic tasks that we eval-
uate. A surprising empirical result of our study is
that state-of-the-art models display differences in
performance even on such synthetic puzzles.

We emphasize that a model that performs
equally in two different languages on our simple al-
gorithmic tasks, might show uneven performance
when tested on tasks like creative writing, or aware-
ness of nuance. So, our perspective is that gaps
in performance in algorithmic tasks are sufficient
but not necessary to demonstrate the existence of
cross-lingual gaps. As a corollary, it is important
to supplement the benchmark presented in this pa-
per with measures of more subtle linguistic capa-
bilities, and we leave this to future work.

Summary of results. We test six state-of-the-art
models on a suite of five puzzles (described in
more detail in Section 2) across seven different lan-
guages. The puzzles are based on templates, that
are vetted by expert human raters as described in

*Here, commensurate refers to the underlying abstract puz-
zle rather than its surface realization in tokens. The potential
implications of inefficient tokenization on cross-lingual gaps
are discussed in Section 5.
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Figure 2: Five puzzle types in XLGoBench. We visually depict the basic schema of all puzzle types in our bench-
mark, along with their respective complexity measures. More detailed puzzle descriptions are in Section 2.

Section 2.3, and are scalable in complexity. We
track the performance of the models from low com-
plexity — where all models achieve perfect accu-
racy in all languages — to high complexity, where
the accuracy collapses as described in Section 3.
A statistically significant variation in the perfor-
mance of models at a given complexity reflects a
cross-lingual gap. We present a summary metric
that measures the maximum possible cross-lingual
gap utilizing a model of the variation of the ac-
curacy with complexity. We show in Section 4
that this suite of puzzles, taken collectively, is suf-
ficient to expose unambiguous cross-lingual gaps
in all models. In Section 4.1, we show that these
gaps cannot be attributed to translation errors. We
also note that these gaps arise at intermediate com-
plexity levels. We comment on possible under-
lying causes and future work in Section 5. The
Appendices provide extended empirical results, in-
cluding plots of accuracy vs complexity, and de-
tails on prompts and the construction of puzzles.
The full set of results, code to reproduce our plots,
and templates for the puzzles are included in the
supplementary material for this paper. This sup-
plementary material can be downloaded from zen-
odo.org/records/20423110.

1.1 Related Work

Benchmarks dedicated to measuring cross-lingual
gaps have been of great interest since the era of
encoder-only language models (Hu et al., 2020),
and their scope has since expanded from classi-
fication tasks to more complex reasoning tasks
for evaluating modern LLMs (Ghosh et al., 2025).
Most closely related to our work, Dobler et al.
(2026) previously introduced cross-lingual evalua-
tions using synthetic tasks by translating templates
from an English reasoning gym (Stojanovski et al.,
2025). Bruun and Smart (2025) previously studied
the variation in the accuracy of models on config-
urations of the Zebra puzzle across several Euro-
pean languages. Kim et al. (2025) also described
synthetic tasks to test the ability of models to re-
trieve and aggregate data in different languages.

In contrast to prior work, our puzzles were
selected explicitly for cross-lingual evaluation
and are not translations of any existing reason-
ing benchmark. They also involve considerably
more reasoning than the typical tasks presented in
Dobleretal. (2026) and Kim et al. (2025), which al-
lows our benchmark to expose cross-lingual gaps
in some of the largest frontier LLMs. Moreover,
our evaluation suite and results characterize cross-
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lingual reasoning gaps with task complexity and
expose a more severe gap at intermediate complex-
ity. This contrasts with prior work, such as in
Bruun and Smart (2025) on multilingual Zebra puz-
zle reasoning, that evaluates on fixed puzzle con-
figurations and reports no significant gaps between
English and Danish. We evaluate across varying
task complexities, thus capturing cross-lingual dis-
parities that may not be apparent when evaluation
is confined to a small number of fixed puzzle con-
figurations.

The structure of our puzzles, which can be
solved by repetitively applying a simple algorithm,
allows us to make contact with parallel quantita-
tive studies of errors in LLMs (Raju and Netra-
palli, 2026) leading to interesting novel observa-
tions about the variation of the cross-lingual gap
with complexity.

Existing multilingual benchmarks are surveyed
in Uppadhyay et al. (2026). Our benchmark is
immune to concerns about data leakage described
there. Each puzzle instance is randomly generated
from a template, allowing for a very large number
of unique realizations, making memorization un-
likely.

2 The XLGoBench Benchmark

Our benchmark comprises a suite of algorithmic
tasks. Each of these tasks can be solved by a re-
peated application of a small number of atomic op-
erations. We propose to compare model correct-
ness across the same problem translated in various
languages. We leave the language of the thinking
and response space to model default. In this pa-
per, we consider six languages apart from English:
Arabic (AR), Hindi (HI), Japanese (JA), Chinese
(ZH), Tamil (TA), Telugu (TE). These languages
represent large speaker populations and span di-
verse language families and scripts. The bench-
mark can be easily extended to other languages.
Now that several flagship language models of-
fer context windows of one million or longer, rea-
soning over information presented in context is an
important skill. This is a potential source of cross-
lingual gaps, owing to the volume of non-English
tokens. We picked three graph walk and two graph
search tasks to align with the practical challenge of
navigating information graphs (in context). We il-
lustrate the structure of the five puzzles in our eval-
uation suite in Figure 2. Unique instances of the
puzzle are generated using a base template that can

be vetted for translation errors, and then scaled to
any desired complexity.

While the actual content of the puzzles is always
in the respective script, the identifiers used for peo-
ple’s names or states are always in alphanumeric
form, such as A1234. This avoids potential ambi-
guities — for instance, in some cultures, “Baner-
jee” and “Bandopadhyaya” are understood to be
equivalent whereas in others “Robert” and “Bob”
are used interchangeably. The use of alphanumeric
identifiers also allows us to scale the number of
unique entities to any desired value. We provide
example prompts for each task in Appendix C,
both in English and other languages.

While the puzzle content is in the respective
scripts, all formatting details, algorithmic con-
straints, and output constraints are provided in En-
glish. This is a design choice to ensure that the
gaps we observe do not arise due to known defi-
ciencies in multilingual instruction-following (Li
et al., 2026, 2024). State-of-the-art LLMs com-
monly use English for tool-call instructions, search
augmentations, and system prompts and our bench-
mark detects cross-lingual reasoning gaps within
this common operational setting. Moreover, while
code-switching in the input could be a cause for
concern as a potential trigger of errors, frontier
LLMs are generally robust to such inputs. In fact,
in-context code-switching has even been shown to
improve performance across multiple LLMs and
tasks (Yoo et al., 2025).

2.1 Graph walk problems

Sequential Linear Transforms (SLT). A trav-
eling merchant makes a sequence of transactions
with T" people starting with an initial wealth of wy.
Each t™ transaction is uniquely identified by the
customer name, along with multiplicative (a;) and
additive (by) adjustment factors to the merchant’s
wealth, and mentions the (¢ 4+ 1)™ customer. The
transactions are chronologically jumbled to make
the task harder. The problem requires computing
the final wealth wr through a sequence of trans-
formations w;41 = azw; + by. The numbers are
chosen to satisfy a, by, wy € [—9,9].

The total number of transactions 7' determines
the complexity of the problem. Please see Ap-
pendix C.3.1 for a full prompt.

Discrete State Automaton (DSA). Each prob-
lem specifies a discrete state automaton, i.e., states
transition depending on the action. We verbalize
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the problem by defining states as different rooms
and actions as keys to various other connecting
rooms. We then prompt for the final state given the
starting room (initial state) and a sequence of keys
(actions). The state transitions are all determinis-
tic. We verify the answer through exact match on
the correct final state.

We use an equal number of states and actions,
which defines the complexity. Please see an exam-
ple prompt in Appendix C.3.2.

Probabilistic-Discrete State Automata (Pr
DSA). The setup is similar to DSA except that
the state transitions are probabilistic. For a given
(state, action) pair, we specify the probabilities of
two possible next states for a given action. Given
the initial state and a sequence of actions, we
prompt the model for the eight most likely final
states, and validate the response based on whether
the top-8 set (order-invariant) is correctly identi-
fied. We fixed the number of actions to a constant
value of 15 and varied the number of states.
Puzzle complexity, thereby, is defined by the
number of states. Please refer to Appendix C.3.3
for an example prompt.

2.2 Graph search problems

Graph shortest path (Graph SP). Given a
social acquaintance graph with connections de-
scribed as {Person A} and {Person B} are friends,
the problem requires finding the shortest path be-
tween any two people, which is ensured to be
unique by construction. Please find graph con-
struction details in Appendix C.1. The number of
edges in the graph defines complexity. Please see
Appendix C.3.4 for an example prompt.

Tournament Ranking (T. Rank). Given n play-
ers with unique strengths, the problem requires or-
dering players according to their strength given
a directed graph of game outcomes. During con-
struction, we ensure the problem is well-specified
and the solution is unique through acyclic and con-
nected graphs, as we first construct the backbone
of a Hamiltonian path and then add extra valid
edges. We maintain a ratio of 1 : 3 between
number of nodes (players) and number of edges
(matches) in the graph such that the complexity is
defined by a single variable: the number of edges.
Please see Appendix C.3.5 for an example prompt.

2.3 Validation of questions

Traditional approaches demand considerable anno-
tation effort to ensure questions remain valid in all
languages. Our setup requires considerably lower
annotation effort by construction. We only need to
ensure that the few templates that constitute each
problem are translated correctly to all languages.
The average number of templates that make up any
prompt across tasks is only 5.

We confirmed the validity of translations in En-
glish and six non-English languages with native
speakers who performed the following checks. (a)
Template translations in various languages are se-
mantically equivalent to that in English, (b) spot-
checking with five full prompts if they make a
meaningful problem of intended meaning in each
language. For English, we only need step (b) since
there are no translations in English. We provide
further details in Appendix C.2.

2.4 Validation of responses

We instructed models to produce JSON-formatted
output that was parsed using an automated script.
For Pr DSA, and the two graph search problems
where the solution is a list of values, the answer
was marked as correct only when the entire list
matched the ground-truth solution. For Pr DSA,
the order of the states was ignored for response
matching.

This procedure sidesteps errors that could have
been introduced by using an LLM judge.

2.5 Cross-lingual gaps

The templates described above can be used to gen-
erate unique puzzles with varying complexity. The
accuracy of models is expected to drop from nearly
100% at very low complexity to nearly 0% at very
high complexity (Shojaee et al., 2026; Raju and
Netrapalli, 2026). However, the precise rate of de-
cline of the accuracy with complexity might vary
across languages. Our benchmark detects cross-
lingual gaps by identifying differences in the ac-
curacy vs complexity curve across languages.

3 Experiments

Models. Our empirical validation spans the
following models: Gemini-3-Flash (Deepmind,
2025), Gemini 3.1 Flash-Lite (Deepmind, 2026a),
Gemma-4-31B  (Deepmind, 2026b), GLM-
5.1 (Z.ai, 2026), Sarvam-105B (sarvam.ai, 2026),
Deepseek-V4-Pro (DeepSeek-Al et al., 2026).
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This selection was made to ensure that (a) we
cover both open and proprietary models and
(b) that we cover models developed in different
countries, since this might influence the linguistic
distribution of the training data and evaluation
process. Due to infrastructural constraints, de-
tailed further in Appendix A.1, token limits were
imposed on Sarvam-105B and Deepseek-V4-Pro.

Complexity. Our setup naturally enables study-
ing cross-lingual gaps at various complexity levels.
For each problem type, we generate problems of
varying complexities such that we see perfect accu-
racy at the lowest complexity level and zero accu-
racy at the highest complexity level for English lan-
guage (as seen in Figure 1). Table 1 shows the de-
fault complexity ranges we used for different tasks
and also describes the parameter used to measure
the complexity. The complexity range for Gemini
3.1 Flash-Lite was chosen separately as described
in Appendix A.1.3

Sample collection. We uniformly sample 20
complexity levels from the ranges specified in
Table 1. For each complexity level, we ran-
domly generate 50 questions per language (seeds
are reused across languages). This protocol is
followed across all puzzle types defined in Sec-
tion 2. Therefore, in total, our experiments com-
prise about 4 x 20 x 50 X 7 x 5 = 140, 000 prompts.
(Total prompts = models x configurations x ques-
tions per configuration x languages X tasks.)

Puzzle Complexity Measure  cmin ~ Cmax
SLT Chain length 100 600
DSA Number of states 32 2090
Pr DSA Number of states 9 61

Graph SP Number of edges 70 720
T. Rank Number of edges 100 400

Table 1: Complexity measure and default range of com-
plexity values for each puzzle.

Analyzing cross-lingual gaps. The procedure
above yields a picture of the decline of accuracy
with complexity in each language. At a fine-
grained level, any variation in the accuracy of
the model at a given complexity indicates a cross-

3Complexity ranges for each puzzle type were identified
using one of our models (Gemini-3-Flash). cmin and cmax de-
note configurations with consistent near-100% and near-0%
accuracy across multiple runs, enabling a full gamma fit.

lingual gap. However, although the cross-lingual
gap is, strictly speaking, measured by a function
worth of information, we find it convenient to com-
press this into a single numerical metric using the
procedure below.

We utilize the quantitative model of the varia-
tion of the accuracy of LLMs with the complexity
of simple algorithmic tasks described in Raju and
Netrapalli (2026). In this model, the accuracy f,
in language ¢ is related to the complexity via

1 T
fé(c) - F(qﬂ/2)7<27 27"@02> (1)

where ~y(x,y) denotes the lower incomplete
gamma function, c¢ is the task complexity and
re,qe > 0 are language-specific parameters that
can be interpreted in terms of an elementary er-
ror rate, and the number of plausible erroneous to-
kens at each step. This functional form naturally
captures the sigmoidal decay from near-perfect ac-
curacy at low complexity to near-zero accuracy at
high complexity, and it provides a good fit to our
empirical data. We computed R? values for the fit
and found R? > 0.97 across all models and tasks.

We fit the mean accuracy as measured above,
with the complexity parameter as defined in Ta-
ble 1, to define the signed max divergence (SMD)
for a language /.

SMD(¢) = fen(c®) — fe(c"), 2

where

¢" = argmax| fea(c) — fe(c)l. 3)

The SMD captures the worst possible cross-lingual
gap for the respective model, task and language
combination when compared to English.

The SMD can potentially be subtle to interpret
in cases where a language performs better than En-
glish for some complexity range and worse in an-
other complexity range. Therefore, in Appendix A,
we define a second measure called the reciprocal
deviation (RD) that can be used to check for such
a feature in the data. We do not find any statisti-
cally significant value for the RD in cases where
we report a significant SMD.

Confidence intervals. We generate 300 samples
of the accuracy at each value of the complexity
using the posterior beta distribution described in
Appendix C of (Raju and Netrapalli, 2026) to get
multiple estimates for gy, 7¢. The distribution of
gamma fit parameters defines the standard devia-
tion for the SMD, which is reported below.
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4 Results

Our main results are in Table 2, which shows re-
sults for six models. We consider problems with in-
significant cross-lingual gaps equally valuable and
report observations on every task irrespective of
their cross-lingual gaps. We report SMD values
along with standard deviations per task for each
model.

On average, Gemma-4-31B shows the smallest
cross-lingual gaps, which is consistent with the
stated multilingual emphasis of the model (Deep-
mind, 2026b). It is notable that GLM-5.1"s per-
formance on Chinese exceeds that of English on
the Graph SP task and is on par with English on
other tasks. This is consistent with the stated em-
phasis on training and evaluating the model on Chi-
nese (Z.ai, 2026). On the whole, Tamil and Tel-
ugu saw the largest gaps which might arise due to
their relatively low representation in the training
data among the six non-English languages. Since,
Sarvam-105B is the smallest model in our collec-
tion, and was tested with a limited token budget,its
performance degrades at relatively-low complex-
ity. It does not necessarily show smaller cross-
lingual gaps on Indian languages than other mod-
els.

4.1 Observed cross-lingual gaps are not due
to translation or other extraneous errors

As already mentioned, our puzzles are generated
through templates that are human validated. How-
ever, beyond this, the following observations rein-
force our confidence in the cause of gaps.

No gaps at low complexity. For lower complex-
ity values, we observe that all languages achieve
near 100% performance and gaps arise only for
intermediate levels of complexity. This implies
the correctness of the puzzle template and sug-
gests that the reasoning gaps cannot be attributed
to prompt ambiguities. This can also be seen in
Figure 1 and in the figures of Appendix B.

Back-translation tests. We performed addi-
tional checks to rule out the possibility that gaps
arise due to mild phrasing or syntactic errors be-
tween languages. For cases where a significant
SMD is observed, we back-translated templates
from the worst-performing non-English languages
to English for Gemini-3-Flash and Gemini 3.1
Flash-Lite, and compared their performance with
the original English prompt. Details of these ex-
periments are provided in Appendix A.3. We did
not find statistically significant deviations, which
reinforces our confidence in the correctness of the
templates.

Table 2: Signed Max Divergence results

Task AR HI JA TA TE 7ZH
SLT 9.49+4.12  3.51+4.69  8.56+4.92  10.77+4.26 18.56+4.36 —1.79+5.60
DSA 29.72+45.75 53.4845.31 47.73+512 42.71+528 45.11+511  28.40+6.14
Pr DSA 6.05+4.34  5.39+4523 —4.344473 4.00+457 —1.50+5.33 —8.4944.52
Graph SP 6.54+4.63  16.83+£3.97  3.88+4.43  8.29+45.10  20.48+3.66 12.47+4.93
T.Rank  29.85+6.35 27.49+6.39 19.43+6.20 24.84+6.30 35.2546.32 25.01+6.30
(a) Gemini-3-Flash

Task AR HI JA TA TE ZH
SLT 20.98+45.35  4.68+9.13 5.3548.08  14.21+6.72  4.81+7.06 —bH.37+7.31
DSA 13.4844.99  16.40+4.97 12.94+541 4.314+6.65 12.654513  1.0646.14
PrDSA  —6.13+5.98  9.1546.03 4.53+6.00  12.50+5.80 —3.33+£5.48  7.6245.31
Graph SP —1.88+5.06 —3.60+5.58 —4.474516 6.97+430  7.99+4.00 5.33+4.64
T. Rank 14.06+5.23  9.83+5.27  —4.58+7.84 13.90+6.58 13.36+5.76  6.3345.32

45666

(b) Gemma-4-31B-IT



Task AR HI JA TA TE ZH
SLT 61.15+6.53 43.60+6.65 27.724+7.68 30.60+7.60 34.21+8.16 8.37+8.92
DSA 14.33+5.13  2.48+6.74 4.77+6.18  21.9545.72 31.46+5.09  19.99+5.40
Pr DSA 4.464553  14.10+4.16  12.20+4.56 —3.20+7.59 7.37+4.62 10.95+4.70
Graph SP —3.68+8.58 —6.12+7.37 —4.464756 —6.17+7.28 —10.5047.10 —5.00+8.06
T. Rank 27.45+353 24.444380 25.1343.76  16.50+3.80  20.70+4.34  16.53+4.71
(¢) Gemini 3.1 Flash-Lite
Task AR HI JA TA TE ZH
SLT 9.10+5.36 8.86+6.21 6.9947.33  18.05+5.37 12.56+5.66 9.2245.83
DSA 12.2845.19 22.644583 —6.79+6.30 43.89+6.09 42.5945.45 6.15+6.46
Pr DSA 6.7143.50 9.80+3.90 6.59+3.96  15.87+3.10 11.48+3.00 3.44+45.50
Graph SP —6.8346.29 —8.02+7.58 —b5.9546.97 —6.82+552 —9.5346.20 —25.4845.28
T. Rank 2.704+4.15 4.094557  14.66+3.75  8.83+3.28 4.3344.33 1.9144.47
(d) GLM-5-1
Task AR HI JA TA TE 7ZH
SLT - 57.82+4732 - = 28.86+837 16.70+9.31
DSA - 3.41+6.84 - 5.06+7.22  —2.42+47.63
Pr DSA - 6.86+5.84 - —b5.45+46.00 —5.48+5.35
Graph SP - 34.26+7.09 - 24.07+8.46 24.85+12.28
T. Rank - —4.38+764 - 15.57+6.13  6.93+7.48
(e) Sarvam-105B
Task AR HI JA TA TE ZH
SLT 74.83+9.27  37.94+1055 21.87+12.52 42.57+1222  66.62+8.75 13.79+11.15
DSA 50.57+13.91 56.454+13.31  77.69+9.00 59.58+13.47 47.73+14.44 —27.07+18.64
Pr DSA 6.97+8.01  —6.97+11.28 16.37+6.78 12.86+6.3¢ —13.9246.47 —23.21+6.34
Graph SP 20.07+11.93 —9.86+14.27  6.21+11.79  10.01+15.27  25.03+9.65 29.06+10.13
T.Rank = 67.31+18.58 29.26+22.64 52.41+1848 62.25+18.96 38.93420.54 6.99+24.03

(f) DeepSeek-V4-Pro

Table 2: (contd.) Signed Max Divergence (w. En in %) £o per task and language across all evaluated models,
shown along with its standard deviation. Positive values indicate superior performance by EN. We highlight cells
with a significant gap (outside the reported 1.96x0) in red. Please see Section 4 for observations and Appendix A for
experimental details, extended empirical results including additional measures of accuracy and cross-lingual gaps.

4.2 Gaps arise at intermediate complexity of all models collapses for sufficiently high com-
plexity. Cross-lingual reasoning gaps are apparent
only in the range of intermediate complexity. This
highlights a critical drawback with static bench-

marks for fast evolving models. In our benchmark,

We show accuracy with varying task complexity
for different languages and models in Appendix B.
We observe that all models achieve near perfect ac-
curacy at low complexity. Similarly, the accuracy
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we can easily vary the complexity range for each
puzzle type and identify the ranges where cross-
lingual gaps, if any, emerge.

4.3 Not all problems show gaps

Even though all our puzzles require extensive rea-
soning, we do not observe uniform cross-lingual
gaps across tasks. Moreover, the tasks on which
we observe cross-lingual gaps also vary across
models. One notable exception is the T-Rank task,
that exposed cross-lingual gaps for almost all mod-
els and languages.

5 Discussion

In this paper, we have introduced a method of de-
tecting cross-lingual reasoning gaps. Unlike tradi-
tional benchmarks, generating problems with lan-
guage templates enables us to scale problem com-
plexity in any language while still preserving the
accuracy of translation. Our extensive empiri-
cal tests demonstrate the utility of our benchmark,
which serves to detect cross-lingual gaps in several
state-of-the-art models.

One might naively have suspected that gaps can
be ameliorated through longer thinking or traced
back to the model expending less thinking effort
in non-English languages.

However, our preliminary investigations do
not indicate a clear correlation between thinking
length and cross-lingual gaps in the results. This
is discussed quantitatively in Appendix A.5. This
suggests that cross-lingual gaps might reflect a fun-
damental issue that cannot be resolved merely by
tweaking thinking in non-English languages. It
might also be the case that the thinking process for
multilingual prompts is sub-optimal.

A second observation is that most models (in-
cluding GLM-5.1) tend to think in English even
when the problem is given in another language.
In our examination of thinking traces, we also
observed the “quote and think” phenomenon de-
scribed in Yong et al. (2025), where the model
quotes from the original prompt but then proceeds
to think in English. So, it is possible that perfor-
mance in non-English languages degrades faster
than English due to cross-attention between think-
ing tokens and the prompt tokens.

This suggests that the models could improve
their accuracy by translating the question entirely
into English and then ignoring the original prompt.
However, we did not observe any model exploiting

this procedure consistently.

Another possibility is that cross-lingual gaps
might arise from inefficient tokenization in non-
English languages. We have focused on the de-
cline of accuracy with complexity, which is what
matters from a user’s point of view since tokeniza-
tion is transparent to the user. But prompts at
the same level of complexity might consume sig-
nificantly different token budgets in different lan-
guages, depending on the tokenizer used by the
model. From the results presented in Section A.4
of Appendix, we observe that input token length is
roughly uniform across languages for Gemini mod-
els and languages with lower input token count
such as Chinese do not necessarily have better ac-
curacy. However, this remains an important issue
for further investigation.

This paper focuses on the detection of cross-
lingual gaps. It is important to follow this up by
developing methods to ameliorate these gaps. We
leave this to future work.
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6 Limitations.
Our benchmark has two important limitations.

Real-world tasks. We expect that a model that
displays differential performance on the synthetic
tasks here will also show differential performance
in real world tasks. However, the converse is not
true. Our puzzles do not directly correspond to re-
alistic applications and, for simplicity, we even re-
moved names from the prompts.

Eventually, we would like models to be sensi-
tive to subtleties and nuance in various languages,
and also generate text as proficiently as they do in
English (e.g., as evaluated in Vayani et al. (2025)).
The removal of obvious cross-lingual gaps that
can be detected by our benchmark is an important
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step in this process. Our empirical results suggest
that state-of-the-art models have not yet cleanly
crossed this threshold.

Expensive evaluation. Since gaps emerge only
on very long reasoning problems, the token count
for our puzzles — both in terms of input and out-
put — is high. For instance, we estimate incurring
costs of approximately USD 2100 for Gemini-3-
Flash and USD 6900 for GLM-5.1. These costs
are expected to be higher for larger models.

It might be possible to reduce these costs by sam-
pling thinly at extreme values of the complexity
and focusing on the range of complexity where the
SMD appears.
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A Extended Empirical Results

In this section, we present the full extended re-
sults of our empirical experiments. This sec-
tion is divided into several subsections. In Sec-
tion A.1, we describe the complexity selection
for Gemini-3.1-Flash-Lite, DeepSeek-V4-Pro and
Sarvam-105B. In Section A.2, we describe some
additional measures of accuracy and cross-lingual
gaps and present detailed tables of results. In Sec-
tion A.3, we present results for the back-translation
experiments described in Section 4.1. In Sec-
tion A.5, we present results showing the lack of
clear correlations between thinking length and ac-
curacy, as discussed in Section A.5.

A.1 Complexity selection

The complexity measures for Gemini-3-Flash,
Gemma-4-31B, and GLM-5.1 were selected as de-
scribed in section 3. But, since Gemini-3.1-Flash-
Lite model is a smaller scale model than the other
models in our evaluation set we chose to include
some easier complexity levels for its evaluation to
get the full accuracy curve starting from 100%. We
present the complexity bounds in the Table 3. Note
that DSA and Pr DSA had the same complexity
levels as the default. Separate complexity levels
were selected for SLT, Graph SP and T. Rank. For
SLT we chose to include easier levels starting from
chain length of 10; for Graph SP, we decided to
sample more questions from the complexity range
of 70-200(total edges); and for T. Rank we de-
cided to sample questions only from the range of
25-150(total edges).

Puzzle Complexity Measure  Cmin ~ Cmax
SLT* Chain length 10 600
DSA Number of states 32 2090
Pr DSA Number of states 9 61

Graph SP* Number of edges 70 200
T. Rank* Number of edges 25 150

Table 3: Complexity measure and range of complexity
values for each puzzle for Gemini 3.1 Flash-Lite.

Similarly for Sarvam-105B and DeepSeek-V4-
Pro we provide in Tables 4 and 5 the complexity
bounds chosen to evaluate respective models. For
these models we followed a slightly different ex-
perimental setup, requiring us to choose easier set
of complexity levels. For Sarvam-105B , owing to
API limits (max new tokens set to 4096) we chose

to perform the evaluation in 2-stages. In Stage-1
we prompted the model with thinking level set to
low to allow it to reason over the question. Fol-
lowing that if the model was unable to provide the
response in Stage-1 we would prompt it again in
Stage-2 with this thinking trace appended to the
question and elicit response with thinking level set
to None. For DeepSeek-V4-Pro, we hosted the
model on a dedicated endpoint which had a lower
token throughput and so we set the max new tokens
to 16,384 to prevent overthinking and to limit costs.
In this setup, we marked all responses which failed
to produce the response within this budget as incor-
rect.

Puzzle Complexity Measure cCnin ~ Cmax
SLT* Chain length 2 20
DSA* Number of states 4 48
Pr DSA* Number of states 4 20
Graph SP* Number of edges 16 666
T. Rank* Number of edges 12 50

Table 4: Complexity measure and range of complexity
values for each puzzle for Sarvam-105B.

Puzzle Complexity Measure cmin ~ Cmax
SLT Chain length 10 600
DSA Number of states 32 2090
Pr DSA* Number of states 6 61

Graph SP* Number of edges 13 936
T. Rank* Number of edges 15 340

Table 5: Complexity measure and range of complexity
values for each puzzle for DeepSeek-V4-Pro.

A.2 Additional Accuracy Measures

The SMD reported in the main text is a sufficient
indicator of the presence of a cross-lingual gap.
However, one might be concerned that it obscures
cases where some language displays superior per-
formance to English at one complexity and inferior
performance at another.

Therefore, it is convenient to define two supple-
mentary measures. We define the average accu-
racy by

Avg Acc(l) = ! /Cmax fe(e)de. (4)
X

Cmax — Cmin

min

We report the Average Accuracy in Table 6.

45672



We also define the Reciprocal Divergence (RD)
by

RD(¢) = mcin sign(SMD(?)) (fen(c) — fe(c)) .

)
If the SMD is positive, which means that at the
point of the largest cross-lingual gap English dis-
plays superior performance, the RD tells us the
best relative-performance of the non-English lan-
guage. If the SMD is negative (as in the case
of GLM-5.1), the RD tells us the best relative-
performance of English.

The RD is reported in Table 7. This Table shows
the SMD is a good representative of the holistic
performance, since the RD is insignificant in all
cases. Therefore the peak difference in the accu-
racy is also an indicator of the difference in accu-
racy at other complexity values.

Finally, Tables 10, 11, 12 and 13 expand the
SMD results displayed in Table 2 by presenting an
estimate of the accuracy of English and the non-
English languages at the point of maximum cross-
lingual gap. The values in this table are generated
as follows. For all the metrics reported, we sam-
ple N = 300 times from the observed distribu-
tion of accuracies using the posterior distribution
of (Raju and Netrapalli, 2026) to generate the accu-
racy curve, both for English and the other language.
Each sample, 4, yields a value ¢ as defined in (3).
Across these values of ¢, we now compute

(o = 5 3 Sl
(fe) = % Z fo(e); (6)

() =5 el

together with their corresponding standard devia-
tions.

A.3 Back-Translation Experiments

As described in section 4.1, we performed some
back-translation experiments to rule out translation
errors. For Gemini-3-Flash and Gemini 3.1 Flash
Lite, in cases where a significant SMD was ob-
served, we picked the worst-performing language
and back-translated its prompt template to English.

In all cases, the back-translated prompts were
semantically identical to the original prompt and,
in addition had > 95% word-level overlap with
the original prompt in English.

Nevertheless, to rule out the possibility that
small variations in the prompt lead to variations in
accuracy, we evaluated the accuracy of the model
using this back-translated prompt on the two orig-
inal complexity values ¢y, co that were closest to
the value of ¢* defined in equation (3) with ¢; <
¢* < cy. This yielded accuracy values f2 (c1) and
f2 (c2). This allows us to compute

8 = flu(ci) — fen(ci), (7)

where fgn(c;) are the original accuracies and ¢;
runs over c¢; and co. With the original standard de-
viations, o1 and o9, we can then finally compute

1 . 01 .93
o |02—c|?+|01—c o
8)

This measure § yields a weighted y? value,
and values of § > 1 would indicate that back-
translation has induced a significant difference in
accuracy.

We present the observed value of § in Table 16.
These show that there are no significant gaps be-
tween the original prompt performance and back-
translated prompt performance.

We note that for Gemini-3.1-Flash-Lite, the tour-
nament ranking prompt was an exact match to the
original prompt. The Pr DSA task with Gemini-
3-Flash and the Graph SP tasks with Gemini 3.1
Flash Lite did not display any significant SMD val-
ues at all. For these reasons, the corresponding en-
tries in Table 16 have been left blank.

)=

A.4 Input Token length Comparision

In this section we present the input token lengths
recorded per language per task in table 17 for
Gemini-3-Flash. We note that across all languages
the input token lengths are within the same range,
isolating cross lingual reasoning gaps from input
token budget.

A.5 Correlation between Thinking Budget
and Cross-Lingual gaps

To verify if the thought length is correlated with
the cross-lingual gaps, we did the following analy-
sis. We ranked the language based on SMD and
then computed the Spearman’s rank correlation
with the rankings observed on the average thought
usage. This average was computed over all the
data points for that specific model x language x
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Task EN AR HI JA TA TE ZH

SLT 45.18+1.13  41.18+1.17  43.7041.13 43.58+1.31 42.45+1.30 40.30+£1.33 45.65+1.26
DSA 52.88+1.74 40.5241.95 29.61+1.48 33.08+1.54 34.81+1.90 33.32+2.13 41.75+2.03
PrDSA 31.74+116 29.97+1.05 31.02+1.21 32.93+1.25 30.2840.98 32.274+1.09 33.64+1.00
Graph SP26.01+1.40 22.40+1.13  17.7441.27 23.93+1.34 21.40+1.26 16.32+0.92 19.46+1.36
T. Rank 42.69+1.15 35.83+0.81 36.39+0.84 38.33+0.83 37.01+0.86 34.51+0.75 37.0340.81

(a) Gemini-3-Flash

Task EN AR HI JA TA TE ZH

SLT 28.88+0.87 24.32+0.75  29.09+1.07 27.97+1.03 27.41+0.95 28.8840.97 30.53+0.95
DSA 24.81+1.20 21.59+1.13 20.33+0.91 22.53+1.21 24.324+1.37 21.77+1.17 24.99+1.34
Pr DSA 30.14+1.21 32.84+1.31 29.514+1.21 30.30+1.05 29.45+1.12 31.55+1.15 28.27+1.25
Graph SP17.03+0.92 17.92+1.07 18.81+1.04 19.29+1.07 16.11+1.07 14.99+1.16 16.00+1.06
T.Rank 23.39+1.11  19.09+0.94 20.31+0.89 23.19+0.89 19.13+0.96 19.29+1.06 21.3440.92

(b) Gemma-4-31B-IT

Task EN AR HI JA TA TE ZH

SLT* 27.8440.95 16.84+060 20.77+0.71 24.48+085 23.13+0.76 22.53+0.96 26.35+0.89

DSA 18.83+0.93 16.10+0.93 17.96+1.02 17.36+1.07 13.91+0.83 13.33+0.79 16.34+0.84

PrDSA 21.04+0.91 19.56+0.83 17.12+0.84 17.65+0.86 20.32+0.86 18.67+0.77 18.48+0.91

Graph SP*14.71+1.47 15.5941.15 16.25+1.00 15.8240.89 16.26+0.90 17.50+1.08 15.96+1.20

T. Rank* 52.93+0.90 45.21+0.70 45.73+0.76 45.45+0.80 47.93+0.81 47.09+0.92 47.91+1.02

(c) Gemini 3.1 Flash-Lite

Task EN AR HI JA TA TE ZH

SLT 32.2840.93 30.06+0.87 30.13+0.94 31.44+1.07 27.73+0.86 28.99+0.76 30.20+0.90
DSA 24.95+1.07 21.6840.99 19.12+0.91 25.89+0.97 15.05+0.79 15.37+0.76 24.48+1.14
PrDSA 44.15+161 39.36+1.49 37.25+1.58 39.52+151 33.30+1.25 36.13+1.23 42.26+1.57
Graph SP32.88+1.14 34.914158 37.40+1.49 32.99+1.52 35.62+1.47 36.70+1.59 45.27+1.52
T. Rank 40.75+1.06 40.07+1.00 40.68+1.32 34.81+1.16 36.78+0.94 38.74+1.02 39.93+1.19

(d) GLM-5-1

Table 6: Average Accuracy (%) as calculated from the gamma fits. Higher is better. * denotes custom complexity
levels used as described in Appendix A.1.
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Task AR HI JA TA TE ZH
SLT —0.01+142  0.00+1.22 —1.49+146 —0.83+1.30 —1.44+1.42 —1.6641.39
DSA 0.00+2.25 0.00+0.00 0.00+0.43 0.00+1.64 0.00+0.59 0.00+2.27
Pr DSA 0.0041.06  —0.87+145 —0.04+1.24 0.00+1.08 —1.22+1.36 —0.35+1.27
Graph SP 0.04+1.11 0.19+0.71 0.08+0.92  —0.62+148 0.23+0.73  —0.55+1.66
T. Rank 0.00+0.13 0.00+0.20 0.00+0.37 0.00+0.20 0.004+0.03  —0.00+0.26
(a) Gemini-3-Flash
Task AR HI JA TA TE ZH
SLT 0.0040.93 —2.1442.32 —0.02+168 —1.37+1.74 —1.62+2.12 —0.404+2.38
DSA 0.00+0.97 0.00+0.75  —0.10+1.36 —0.30+1.80  0.00+0.78  —0.69+1.63
PrDSA  —0.014141 —2.35+152 —2.02+1.22 —3.50+1.57 —0.00+1.12 —0.11+0.96
Graph SP —0.12+0.86 —1.71+140 —1.02+152 —0.37+0.86 0.12+0.67 —0.05+0.66
T. Rank 0.05+0.89 0.05+1.79  —2.85+2.34  0.05+3.12 0.05+1.96 0.04+1.45
(b) Gemma-4-31B-IT
Task AR HI JA TA TE ZH
SLT* 0.00+0.15  —0.2940.88 —1.58+1.66 —0.284094 —0.31+1.09 0.00+1.50
DSA 0.00+0.81  —0.35+1.57 —0.00+1.53  0.00+0.49 0.00+0.50  —0.43+1.11
Pr DSA —0.00+£151  0.11+0.47 0.09+1.01  —3.164+2.02 —0.00+1.53 —0.00+0.59
Graph SP*  0.00+2.64 —0.174+2.13  0.00+2.40 0.00+2.05  —0.48+2.05  0.00+2.25
T.Rank*  —0.0040.44  0.00+0.07 0.00+0.15 0.0040.27  —0.04+0.83  0.00+0.62
(c) Gemini 3.1 Flash-Lite
Task AR HI JA TA TE ZH
SLT 0.00+0.64 0.00+1.30  —0.64+087 0.00+0.28 —0.84+250  0.00+0.64
DSA 0.00+0.77 0.00+0.68  —0.2840.96 0.004+0.38  0.00+0.00 —0.77+1.53
Pr DSA 0.0141.22 0.02+1.45 0.06+1.18  0.02+0.67  0.05+0.94 —1.48+1.85
Graph SP —0.06+1.05 —2.97+2.80 —1.92+1.33 0.00+1.05 0.00+1.03 0.00-+0.05
T.Rank  —0.26+1.18 —1.99+1.71  0.03+0.49  0.00+0.63 —0.00+£0.94  0.00+1.10
(d) GLM-5-1

Table 7: Reciprocal Divergence(%).
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Task EN

HI

TA

TE

SLT 34.81+2.01

13.75+1.72

25.73+1.88

30.75+2.15

DSA 60.91+1.50

59.58+1.30

61.04+1.33

61.53+1.64

PrDSA 55.15+1.62

52.07+1.56

56.19+1.53

56.96+1.65

Graph SP51.70+1.63

42.77+2.35

46.28+2.34

45.32+3.14

T. Rank 46.65+1.02

47.69+1.07

44.25+1.18

45.27+1.13

(a) Average Accuracy (%) from Gamma Fits

Task

HI

TA

TE

SLT

2.20+2.47

—0.26+2.20

—1.32+3.17

DSA

—0.00+1.80

—3.89+2.42

—1.35+2.07

Pr DSA

—1.81+2.39

—2.10+2.26

—0.88+1.89

Graph SP

—5.34+3.23

—4.59+3.20

—3.43+3.52

T. Rank

—0.00+2.14

—1.99+2.59

—0.03+1.97

(b) Reciprocal Divergence (%)

Table 8: Sarvam-105B results across all tasks and Indic languages (HI, TA, TE). (a) Average Accuracy (%) as
computed from gamma fits (AUC Normalized). (b) Reciprocal Divergence (%).

Task EN AR HI JA TA TE ZH
SLT 31.11+0.75 21.8240.44 26.86+0.79 29.23+0.84 26.204+0.67 21.96+0.65 29.54+0.72
DSA 18.47+0.64 15.48+0.53 14.93+0.53 12.14+051 14.74+047 15.724043 20.48+0.76
PrDSA 20.01+0.85 18.79+0.71 19.8440.60 17.38+0.65 18.10+0.69 22.8140.94 23.30+0.80
Graph SP53.5442.59 45.92+1.87 54.134+1.62 51.05+1.41 51.03+1.02 44.19+1.23 42.93+1.43
T.Rank 43.43+1.88 34.04+0.76 41.4941.27 36.88+0.80 34.75+0.79 39.43+0.72 43.25+1.40
(a) Average Accuracy (%) from Gamma Fits

Task AR HI JA TA TE ZH

SLT 0.00+0.04  —0.484251 —1.87+345 0.00+0.68 —0.10+0.78  0.00+2.65

DSA —0.80+2.07 —0.75+1.39 —0.50+1.12 —0.09+0.87 —0.35+1.55 —9.55+8.17

Pr DSA 0.0043.31  —5.56+3.70 —0.02+2.82 —0.06+2.35 —0.00+2.07 —0.07+1.82

Graph SP 0.00+2.19  —4.05+2.98 —0.254+2.67 —6.34+3.95 0.00+1.42 0.0040.59

T.Rank  —0.07+0.64 —7.97+491 —3.354+278 —0.71+1.22 —3.7042.90 —3.45+3.42

(b) Reciprocal Divergence (%)

Table 9: DeepSeek-V4-Pro results across all tasks and languages. (a) Average Accuracy (%) as computed from
gamma fits (AUC Normalized). (b) Reciprocal Divergence (%).
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Task Metric AR HI JA TA TE ZH
c* 326435 303452 254436 258425 251+12 410454
SLT fEN 41.4+15.7 52.6+22.0 T78.9+16.3 76.9+120 80.4+59 15.6+23.6
fe 31.9+154 49.1+23.0 70.3+14.3 66.1+10.7 61.8+52 17.4+21.7
c* 721+73 667+32 651+30 680-+45 692-+47 704+80
DSA fEN 79.8+75  85.6+48 87.3+4.0 84.3+47 83.0+59 81.6+8.2
fe 50.1+5.1 32.1+£39  39.5+33 41.6+4.2 37.9+53 53.2+59
c* 2144 19+5 2145 2244 3345 2143
Pr DSA fEN 67.8+185 T77.5421.9 64.5+21.1 57.4+209 16.6+25.6 65.8+15.7
fe 61.7+16.8 72.1+£19.2 68.9+22.4 53.5+19.7 18.1+22.6 74.3+17.1
c* 211+53 192+22 195+60 245451 189+18 230+36
Graph SP fgn 42.5+17.4  49.2492 4824199 32.8+162 50.7+82 36.5+11.4
fe 36.0+19.2  32.3+8.2 44.3420.0 24.5+17.8 30.3+6.4 24.1+12.7
c* 212+6 210+6 21248 211+7 208+4 209-+6
T. Rank fEN 68.9+9.1  71.4492 68.9+116 69.7+10.1 73.8476 72.2+9.3
fe 39.047.0  43.9+72 49.44102 44.9485 38.6+5.6  47.2+7.9

Table 10: Gemini-3-Flash. Here we present the (¢*) at which SMD values were reported along with (fgx) and

(fe) at the respective complexities over 300 bootstraps.

Task Metric AR HI JA TA TE ZH
c* 155415 131435 146430 133423 132436 204440
SLT fEN 59.6+13.1 81.8+24.0 68.2+203 79.8+15.6 80.8+24.0 25.8+255
fe 38.6+10.2 77.14+18.4 62.8420.0 65.6+12.1 76.0+20.1 31.1+222
c* 309+57 346+47 285453 285+102 312454 260103
DSA fEN 65.5+15.3 53.6+13.4 74.0+142 74.0+23.9 64.5+14.8 82.3+23.2
fe 52.1+14.0 37.2+12.0 61.1+12.4 69.7+21.7 51.84+138 81.2+23.2
c* 26+5 18+4 18+4 18+3 25+4 20+4
Pr DSA feN 33.2421.2 80.9+18.1 82.1+206 83.4+14.4 36.0+21.2 71.5+18.4
fe 39.3+19.6  71.7+147 77.6+18.3 70.8+11.5 39.3+19.7 63.9+16.9
c* 199447 23460 22058 114+27 125+24 119+31
Graph SP fpn 27.8422.3 18.9+272 22.0+256 74.7+138 66.9+13.3 70.8+16.0
fe 29.74205 22.4423.0 26.54+22.2 67.7+12.3 58.9+125 65.4+15.0
c* 160+13 163+17 138+25 161+15 161+14 169+21
T. Rank fEN 53.5+14.4 50.0+17.4 79.0+£225 52.8415.3 52.8+152 44.1+202
fe 39.4+12.2 40.2+17.4 83.6+27.6 38.9+16.1 39.4+146 37.7+20.3

Table 11: Gemma-4-31B-IT. Here we present the (c*) at which SMD values were reported along with () and
(fe) at the respective complexities over 300 bootstraps.
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Task Metric AR HI JA TA TE ZH

c* 12244 126+5 128+5 131+6 12946 147426
SLT fEN 88.0+3.7 85.2+438  83.2+44 81.2465 82.246.3 65.1+20.1

fe 26.843.9 41.6439 55.5451  50.6+4.9 48.0+5.2 56.84+19.4

c* 271455 461+104 3704105 288+40 242411 242+24
DSA fEN 70.0+14.0 27.34+21.1 42.8+220 64.8+11.6 79.4+42  79.4+6.7

fe 55.7+11.6 24.8422.6 38.0+22.5 42.849.0 47.9+38 59.4+5.5

c* 20+4 17+2 17+2 14+4 20+3 16+2
Pr DSA fEN 39.4+204 61.1+12.2 61.1+154 82.5+22.7 41.3+16.8 69.5+14.8
fe 34.9+22.4 47.0+£102 48.9+13.3 85.7+28.0 34.0+17.9 58.6+13.0

c* 89+9 95+9 91+10 92+10 96+9 94+9
Graph SP fgn 45.9+235 27.7+24.1 38.5+24.4 36.9+24.1 25.2+226 30.4+23.7
fe 49.6425.3 33.9422.4 42.94251 43.14244 35.7+204 35.4+24.3

c* 87+2 86+3 84+3 85+4 90+3 87+4
T. Rank fEN 53.9+6.8  57.348.0 62.1+7.7 59.4+102 47.3+9.2 53.9+10.6
fe 26.5+6.4 329470 37.0475 429492  26.6+9.0 37.4410.8

Table 12: Gemini 3.1 Flash-Lite. Here we present the (¢*) at which SMD values were reported along with (fz )
and (f,) at the respective complexities over 300 bootstraps.

Task Metric AR HI JA TA TE ZH
c* 167424 167428 151+25 170+15 207+21 163+27
SLT fEN 62.7+155 62.7+16.8 75.9+158 60.9+11.1 35.2+125 66.5+16.5
fe 53.6+13.8 53.9+16.2 68.9+13.7 42.848.1 22.6+13.8 57.3+14.8
c* 302451 296433 282472 259424 256+10 256483
DSA fEN 60.4+14.9 62.4+11.5 67.5+17.0 75.849.0 76.8+53 76.8+20.7
fe 48.1413.7  39.7+91  74.3+189 31.9+71  34.2+45 T70.7x175
c* 30+8 30+7 27+8 29+4 28+5 43+11

Pr DSA feN 42.5+183 44.7+16.1 50.2+19.0 46.7+104 47.2+124 22.9+236
fe 35.8+18.1 34.9+16.0 43.6+185 30.8+9.1 35.7+11.3 19.5+27.1

c* 212454 377+90 190465 226+63 229454 259+20
Graph SP fpn 64.7+17.4 18.0+275 75.2+199 58.1+189 57.0+x16.0 45.1+5.4
fe 71.5+184 26.0+21.1  81.2+23.1 64.9+192 66.5+17.7 70.6+8.8

c* 183+34 172+41 192+12 211+21 227430 204433
T. Rank feN 73.8+23.4 82.2+274 66.3+9.8 50.4+14.9 39.0420.7 56.2+22.3
fe 71.1+216 78.1+23.2 51.648.9 41.6+14.0 34.6+21.1 54.3+22.6

Table 13: GLM-5-1. Here we present the (¢*) at which SMD values were reported along with (fgn) and {fy) at
the respective complexities over 300 bootstraps.
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Task Metric HI TA TE
c* 440 5+1 541
SLT fEN 90.445.4 82.9+12.1 80.7+14.2
fe 32.6+41  54.048.3 64.0+11.9
c* 3144 2445 3745
DSA fEN 43.7+223 84.8+282 18.1+248
fe 40.3+24.1  79.3+226 20.5+22.1
c* 15+2 10+3 10+3
Pr DSA feN 26.9+204 76.14+23.0 72.24224
fe 20.1424.2 81.6427.0 77.7T+24.7
c* 206+17 217+25 219448
Graph SP fin 90.144.3  86.948.1 86.0+13.4
fe 55.8446 62.846.9 61.1+10.0
c* 30+2 27+1 28+2
T. Rank fEN 4544227 80.6+£122 68.6+£226
fe 49.8423.6 65.0+10.2 61.6+20.8

Table 14: Sarvam-105B. Here we present the (¢*) at which SMD values were reported along with { fen) and (f¢)
at the respective complexities over 300 bootstraps.

Task Metric AR HI JA TA TE ZH
c* 10643 109+4 11147 11543 104+4 11948
SLT fEN 89.0+55 84.3+78 81.6+13.6 T4.1+105 91.9+38 63.9+20.2
fe 14.2+49  46.4+70 59.7+111 31.5474 253459 50.1+14.7
c* 18147 18147 17348 181+6 18247 229+18
DSA fEN 89.5+9.0 89.5+78  95.9+33  89.5+9.1 87.2+11.7 10.9+26.3
fe 38.9+486  33.0£7.8 18.2+6.2 29.94+75  39.5+9.2 37.9+145
c* 8+0 8+1 8+0 8+0 8+0 8+1
Pr DSA feN 98.1+39  92.0+43 92.0+36 98.9+41  92.0+45 92.0+4.5
fe 89.246.1  96.0+£3.1  86.0+6.4  92.5+51  96.0+£3.7  96.0+3.1
c* 927490 363+55 348+77 342+85 416446 359430
Graph SP fpn 19.8423.0 69.4+138 75.2419.8 77.3+21.7 48.8+149 70.9+11.7
fe 12.6+33.5 83.94206 83.7+27.6 88.2+434.6 35.4+146 45.8478
c* 137+4 139+11 13748 137+6 139+10 142+10
T. Rank feN 91.5+15.8 89.6+23.0 92.3+14.5 92.3+14.1 88.5+19.9 83.7+20.8
fe 24.246.6 60.3£153 39.9+96 30.1481 49.6+145 76.7+19.1

Table 15: DeepSeek-V4-Pro. Here we present the (¢*) at which SMD values were reported along with { fgn) and
(fe) at the respective complexities over 300 bootstraps.

45679



Task Gemini-3-Flash  Gemini 3.1 Flash-Lite

SLT 0.064 (TE) 0.368 (AR)
DSA 0.683 (HI) 1.195 (TE)
Pr DSA — 0.761 (HI)
Graph SP 2.903 (TE) —

T. Rank 2.003 (TE) — (AR)

Table 16: The variance § between the back-translated
prompt and the original prompt.

Task EN AR HI JA TA TE ZH
DSA 43,618 48,528 47,779 41,312 44,193 52,149 38,962
SLT 21,722 23,291 26,058 23,333 28,493 29,769 20,918
Graph SP 5,994 6,242 6,188 6,625 6,435 6,884 6,108
Pr DSA 3,563 3,842 4,162 3,489 4,136 4,745 3,418
T. Rank 5,028 5,280 5,530 6,020 6,523 6,788 6,010

Table 17: Average Input Tokens (Task x Language)
for Gemini-3-Flash. Gemini’s tokenizer is relatively
uniform across languages (ratios 0.89x—1.20x vs EN),
indicating token inflation is not a meaningful con-
founder.

task triplet (approximately 1000 points). The num-
ber of thought tokens was accessible for Gemini-
3-Flash, whereas for other models we estimated
the average thought token length using the thought
character lengths.* We present the results of this
analysis in Table 18. These results indicate that
thought length is not strongly correlated with lan-
guage performance.

“This is an imperfect measure since character-based mea-
surement does not account for script density differences. For
instance, a single CJK character encodes more information
than an ASCII character. This introduces an estimated 10—
20% measurement error in cross-script comparisons.
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Model SLT DSA  PrDSA GraphSP T. Rank

Gemini-3-Flash -0.371 —0.600 —0.086 —0.429 —0.657
Gemma-4-31B-IT +0.429 -0.314 —-0.257 +0.257 +0.029
Gemini 3.1 Flash-Lite —0.257 +0.200 —0.314 —0.143 +0.143
GLM-5-1 —0.886* —0.657 —0.886" +0.029 —0.257

Table 18: Spearman rank correlation (p) between language ranking by thinking effort and language ranking by
Signed Max Divergence (SMD) across tasks and models. Thinking effort is measured by avg_ thinking tokens
for Gemini-3-Flash (script-agnostic) and by avg_ thought_ len (character count) for all other models. *Significant
at p < 0.05 (highlighted in bold and green). A negative p would support the hypothesis that languages with lower
SMD (better cross-lingual parity) achieve this by eliciting greater thinking effort from the model. Only 2/20 com-
binations show a significant negative correlation (both GLM-5-1), while 18/20 are statistically indistinguishable
from zero, confirming that cross-lingual gaps cannot be explained merely by differential thinking effort.

B Gamma Fits

In this section we present graphs for the incom-
plete gamma function fit described in Section 3 for
all the model, task pairs, and for all the languages.
These are generated using a Bayesian bootstrap
approach: for each bootstrap iteration, we sam-
ple the accuracy at each complexity level from
the posterior Beta distribution Beta(k+1, n—k+1),
where k is the number of correct responses and
n is the total, and refit the gamma CDF to ob-
tain a new curve. We repeat this 300 times and
shade the region between the 2.5th and 97.5th per-
centiles of the predicted curves, yielding a 95%
credible interval for the fitted curve at each com-
plexity. The plots for models Gemini-3-Flash,
Gemini 3.1 Flash-Lite, Gemma-4-31B, GLM-5.1,
Sarvam-105B and DeeepSeek-V4-Pro are shown
in Figures 3, 5, 4, 6, 7 and 8 respectively.
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Figure 3: Accuracy vs Complexity plots for different tasks. In each sub-plot, we compare between English and
non-English with Gemini-3-Flash model.
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Figure 4: Accuracy vs Complexity plots for different tasks. In each sub-plot, we compare between English and
non-English with Gemma-4-31B-IT model.
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Figure 5: Accuracy vs Complexity plots for different tasks. In each sub-plot, we compare between English and
non-English with Gemini 3.1 Flash-Lite model.
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Figure 6: Accuracy vs Complexity plots for different tasks. In each sub-plot, we compare between English and

non-English with GLM-5.1 model.
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C Construction of Prompts and Puzzles

In this section, we explain the construction of
prompts and puzzles and provide sample prompts
for each puzzle. We start by explaining the
construction of the Graph Shortest Path Puzzle.
The other puzzles in our suite can be straightfor-
wardly constructed given their description and the
prompts given in section C.3. We explain the pro-
cedure used to translate the puzzles in section C.2.

C.1 Graph Shortest Path Construction

The Graph Shortest Path puzzle presents a social
network as an undirected graph and asks the model
to find the shortest path between a source and a
target node. The puzzle is constructed so that a
unique shortest path of length d exists, embed-
ded within a densely cross-wired graph of bypass
chains. The generation procedure is parameterized
by:

* d: the shortest path length (backbone length),

* n.: the number of parallel bypass chains,

* c.: the chain excess (each bypass chain has
length d + c., making it strictly longer than
the backbone),

* p € [0,1]: noise density controlling the frac-
tion of safe cross-edges added.

The total number of nodes and edges are given by:
N=d+1)+n. (d+c.—1)
Egtructural = d + ne - (d + ¢e)

FEestimated = Estructural + p - |C]

where |C| is the number of candidate noise edges.

Algorithm: Graph Shortest Path Puzzle
Generation

Input: Parameters (d, nc, ce, p)

Step 1: Backbone Construction.

1. Compute total nodes N = (d + 1) +
ne - (d+c.—1).

2. Generate N unique alphanumeric node
IDs (e.g. A1234).

3. Assign the first d+ 1 nodes as the back-
bone: bg — by — -+ — by.

4. Set source = by, target = by.

5. Addedges (b, b;y1) fori =0,...,d—
1. This creates the unique shortest path
of length d.

Step 2: Parallel Bypass Chains.

1. Foreachchainj =1,...,n.:
* Allocate d + c. — 1 fresh nodes:
+ Add edges: by — ¢ — ¢ —
= Chgo1 — ba
2. Each bypass chain has total length d +
ce > d, so they cannot create a shorter

path than the backbone.

Step 3: Cross-Wiring Noise Edges.
1. Enumerate candidate edges. For
each chain node u, consider two types
of partners:

e Chain—chain pairs: For each

other chain node v:

— Same chain: allow if depth
gap > 1 and < c..

— Different chains: allow if
depth(v) — depth(u) <
excess(v) and depth(u) —
depth(v) < excess(u).

* Chain—backbone pairs: For
each backbone node b;: allow
only if b; is at the same depth or
behind u (i.e. i < depth(u) and
depth(u) — i < excess(u)). This
prevents shortcut edges.

No backbone—backbone pairs are ever
considered.

2. Add edges with distance safety
check. Shuffle candidates, then for
each (u,v) sampled with probability
p:

» Compute dists(u) + 1 + dist;(v)
and dists(v) + 1 + dist; (u).

* Reject if either value < d (would
create a path < d from source to
target).

* Otherwise, add edge (u,v) and
propagate updated distances via
incremental BFS.

Step 4: Verification.
1. Run BFS from source to target. Verify
shortest path length = d.
2. Count shortest paths. Verify exactly 1
unique shortest path exists.

When scaling complexity levels we keep the pa-
rameters d, n., c. constant, and vary the noise den-
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sity p to meet the desired number of edges. Once
the maximum number of edges are achieved with
the set parameters, we increment d by 1 and con-
tinue from appropriate p based on required total
edges.

C.2 Translation and Annotation procedure

For translating and auditing our puzzles, we em-
ployed native speakers through a third-party ag-
gregator to verify and check the templates. Each
translation was validated and audited by two sepa-
rate annotators. No issues were found for 70% of
the translations, while minor stylistic changes were
made for 30% of the prompts. The annotators were
appropriately compensated. Below we present the
guidelines provided to the annotators.

Task: This is a Translation Verification
task.

Metrics: Check for semantic equivalence

+ If any translation edit is required:

— Column C: “Translation OK” =
“No”.

— Fill out Column D: Edited Trans-
lation.

— Fill out Column E: Comments
with comments on what the is-
sue was and what changes were
made.

Audit Process: To be done by a separate set
of annotators.
e Column F: “Audit Done?” [Data Val-
idation: Yes, No].
e Column G: “Issues Found?” [Data
Validation: True, False].
e Column H: “Comments” [If issue
found? = True, provide a justification].

with English ground truth and naturalness
of the words used in translated versions.

Rater Process:

1. For each locale, we provide a separate
tab within the same google sheet la-
beled with the locale name.

2. Column A: “EN-
GLISH _GROUNDTRUTH” to
check against.

3. Column B:

“{lang_id} TRANSLATION” (e.g.,
AR _TRANSLATION) to verify.

4. Column C: “Translation OK”
(Yes/No).

5. Column D: Edited Translation to add
the fixed translations if required.

6. Column E: Comments.

Instructions:

» Compare the English ground truth with
translation based on metrics defined
above.

» Before you go ahead with translation
please look at the rows marked as full
example to see the full context of the
task which will help with any ambigu-
ities.

+ Iftranslation has semantic equivalence
with English ground truth and natural-
ness of the words, Column C: “Trans-
lation OK” = “Yes”.

C.3 Prompts

We now provide example prompts from all five
puzzle types in our benchmark, shown across all
seven evaluation languages. Each prompt is gen-
erated from the actual puzzle templates with small
configuration parameters for readability. The un-
derlying puzzle structure (states, edges, players,
etc.) is identical across all languages—only the
surface-level rendering changes.

C.3.1 Sequential Linear Transforms (SLT)

English.

A merchant departed from R4257 with an
initial capital of 7. He traveled far and wide,
met many people, and carefully recorded
every transaction in his ledger. However,
a sudden fierce wind scattered the ledger’s
pages, completely disrupting his itinerary.
Your task is to help this merchant piece the
ledger back together. Starting from R4257,
infer whom he met in order, reconstruct the
timeline, and calculate his exact wealth af-
ter each encounter.

* After ending business with Z1106, the
merchant set off to visit Y3615. Y3615
reviewed the accounts and multiplied
the merchant’s balance by a factor of
—2. As a token of goodwill, Y3615
also gifted the merchant 9.
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+ After ending business with N4611, the
merchant set off to visit 05557. 05557
reviewed the accounts and multiplied
the merchant’s balance by a factor of
—4. Before parting ways, 05557 de-
manded a fee of 2.

+ After ending business with W9928, the
merchant set off to visit N4611. N4611
reviewed the accounts and multiplied
the merchant’s balance by a multiple
of —1. Before parting ways, N4611 de-
manded a fee of 1.

* After ending business with K5552, the
merchant set off to visit E4527. E4527
reviewed the accounts and multiplied
the merchant’s balance by a factor of
—1. Before parting ways, E4527 de-
manded a fee of 2.

+ After ending business with 05557, the
merchant set off to visit Z1106. Z1106
reviewed the accounts and multiplied
the merchant’s balance by a factor of 2.
Before parting ways, Z1106 demanded
a fee of 6.

+ After ending business with W7924, the
merchant set off to visit K5552. K5552
reviewed the accounts and multiplied
the merchant’s balance by a factor of
2. Before parting ways, K5552 de-
manded a fee of 7.

» After ending business with R4257,
the merchant set off to visit W9928.
W9928 reviewed the accounts and mul-
tiplied the merchant’s balance by a fac-
tor of 1. Before parting ways, W9928
demanded a fee of 6.

» After ending business with Y3615,
the merchant set off to visit W7924.
W7924 reviewed the accounts and mul-
tiplied the merchant’s balance by a
factor of —5. Before parting ways,
W7924 demanded a fee of 8.

IMPORTANT: Output ONLY the answer
in this exact format with no other text:
{“chain”: [v0, v1, v2, ..]} where each
value is the merchant’s wealth after each
transaction, in chronological order. Do
not show any intermediate steps or explana-
tions. Your response must be a single valid
JSON object and nothing else.

Arabic.
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IMPORTANT: Output ONLY the answer
in this exact format with no other text:




{*chain”: [v0, vl, v2, ...]} where each
value is the merchant’s wealth after each
transaction, in chronological order. Do
not show any intermediate steps or explana-
tions. Your response must be a single valid
JSON object and nothing else.

Hindi.

Teh TN o R4257 | 7 <l il o &1 AUt
AT AT L& D | IT Q-G dh ITAT I,
&S AN F ATIR foham 3T 37U & A=-a ol
HrEaUHIgde U Fel-ard | gof fram| wfer
3T 3T Udh aT-eh 37ieft 3 3Tk Tel-Erd
& U fode fou, fSrad 3geht am o1 g vl
faTTg a1 319 MU 39 ATUTH i Heg FeAt
€1 R4257 & & &d gU, I8 UdT @y foh a8
forae a1g forad e, 3R & gerenrd & a1g
3G Geloh FUfT <l 0T HL |

« 71106 & TTY 3TAT HH GH i &
18, AT Y3615 T e e usn
Y3615 3 981-9Td chl ST <ht, 37 ATare
T A AR A —2 F 7T R Tgran
& Udieh & T H, Y3615 3 AR &l 9
&1 IueR ff feam

« N4611 & TTY AT HH TH &
g, AT 05557 T e e ugn
05557 3 TEI-TTa <l ST T, 3R AT
& QA wr —4 J 701 o) FEt A foar
o § U, 05557 = 2 T e AT

e W9928 & TTY 37UAT hIH WH i oh
g, AT N4611 & e e ugn
N4611 7 TE-=1a Y ST Y, 3R mardy
& A ARt — 1 J 77or o) a8t A faar
o T UEd, N4611 = 1 3T ek Jm|

+ K5552 & TTY 370 T T hid o 9e,
AT E4527 & et et ueT| E4527
= SEI-\Td I ST N, 3T AT ol AT
AR & —1 F 7on foram| a8t & foar o
H UG, E4527 = 2 ol Yok HA|

* 05557 & TTY 37T HTH T i & q1<,
R 21106 & e e wet1 21106
J SEI-\Td T ST N, 3T AT i AW
R ot 2 F 7[on fopar| 98t & faar o &
UEd, Z1106 = 6 T ek JA|

e W7924 & T 30T HH FH i o
18, =AM K5552 ¥ e e ug
K 5552 3 I81-TTd <t ST T, 37T gy
T QY AT et 2 9 I[oT T agt F foar

W 9 g, K5552 9 7 Sl ek |l

« R4257 & 1Y YT BT TH T &
e, AT W9928 T e et Ue|
W9928 = TEI-Td <hl ST <ht, 3 ATt
T QN A AT 1 7 I[on TR T8t F faar
o= F Ugd, W9928 = 6 T Yoo AT

e Y3615 & Y UAT M TH Hid &
Mg, AT W7924 T e et e
W7924 3 SEI-@Td hl ST b, 3 samarer
T AT AR BT — 5 F IO Tk | gt & faar
W 8 Uget, W7924 3 8 T ek AT

IMPORTANT: Output ONLY the answer
in this exact format with no other text:
{*“chain”: [v0, vl, v2, ...]} where each
value is the merchant’s wealth after each
transaction, in chronological order. Do
not show any intermediate steps or explana-
tions. Your response must be a single valid
JSON object and nothing else.

Japanese.

HDHENDHERTE FF o T
R4257TZHFELE L, HIZDHH D
EIRL. ZLDOANEHBV, IXTO
WG| ZREICERERLGERLE L 7
L2 L., ZZRDEETIRED R —IH
BEL L. O IZERIT T 5742 <
HoTLEWE L, RO,
CORADIREZTED ICEETEDE
ZD%FAED T & TT, RA257H & HF
L. WDNETEIEHE & 2 - 7= % HEH
LTRA L4 VEBEBEL, 202
NOHENDIRDW D IEHEIR 8 %
FRELTLIIEX N,

« Z1106 £ DHLG |2 #4 2 7=, B
Y3615%aifa b 7-DITHFEL F L
720 Y3615IIMREZ R L. BAD
BRE 22 Lz BlED
Fl LT, Y3615/ AICoO%E D
LRy e

* Nd611& DELG |2 2 7=1%. FA
X 05557 % b 7-DICHFEL F
L7zo 05557\ 3MREZ MR L. A
DEEIZ —4 ZHT F L7,
2T, 055571320 K& 2 HR L
22 Lies

s W9928¢ DHNF| 2 2 7=, BN
I N4611 %542 7-DITHFEL £
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L7zo N4OILIIIRTEZMERE L. RAA
DT -1 ZHNT F L7z,
BN, N46ILXIDORE R ER L
22 Ligs

« K5552¢ OG22 7=1%. BN
X B4527% 35 7= DI FEL F
L7zo E4527N3IREZMEE L. FAA
DEEEIZ -1 ZHNT F L7,
ZHNZ, E45271 32082 ER L
% L7

« 05557 O G| 2/ 2 7=1%. BA
13 Z21106%F4 5 7= DI HFE L F
L7z Z1106I3MREZ R L, A
DIENZ2%HNT £ L7z, Bl 51
12, Z11061X6 DR 2R L F L
e

« W7924 & OG22 7. BEA
1 K5552% 345 7= DICHFEL %
L 720 K5552I3MREZ R L. A
DEEN2E T F Lz, BN 5]
12, K55521370R 2 ERLE L
e

« R4257¢ DG &2 2 7-1%. B
W9928% Ffjita B 7= DICHFEL E L
720 WO2BIXMRE 2GR L. BN
DFRENZ 1N £ U7z, B2 i
12, W9928I36DKIEZ R L £ L
e

* Y3615¢ OHG | Z# Z 7-1%. BAE
W7924% 5fita b 7=DICHFELEL
720 WIRAIIREZMEZE L. FA
DRI -5 ZHNT F L7z,
ZHMNT. W7924138D K2 Bk L
X L7

IMPORTANT: Output ONLY the answer
in this exact format with no other text:
{“chain”: [v0, v1, v2, ..]} where each
value is the merchant’s wealth after each
transaction, in chronological order. Do
not show any intermediate steps or explana-
tions. Your response must be a single valid
JSON object and nothing else.

Tamil.

6(h elwmumifl R4257 -eS\(pbgl 7
6T60TM DYTLOLI PLPELSHEOTSHG|L 60T
LML LTI, SB6UJ  LI6v
@IL_M18ETHE G LI LIWGTTLD 6l &UIg],
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560G Ll L5555 86
SHU6TTLOMSL  LIgle] GCIFWSTI.
@ LI enLD, SLe 6 Feor
alflw LIS 5 STHmI
&6 G L) L5555 e
L1& & MHBISH606TTE FBmIq5 5],
SUTGHl  LWensTdh Sl Hemd
WPOOILTE  FFGHeDevEHS5|.
@by  Nwumumféeg  SHeorgl
&6 G LSHHHHem LO6ooT(hLD
6 60T 1) 60)600T8> 5 2 56|6UCs
2 BIG6IT  LIGoofIWM@LD. R4257
-Sl(phGI  CIHTLHIS, |6l
WwImem, 6ThHhS auflemauilev
FHASS T STETLIEN S,
26555, &TevaUflen&emLl
LOMISL L 6mLOLIL] Glawig),
66UGleuT(H FHSHIILNDGL LNIME
SeUrg| FHWTeoT 6lF6L6US56NSH8
& 60018 ) () M &61T.

« Z1106 o | 6oTTeoT
alwmTUIMTSe0s WYYs55
L&, alwirumif)
Y3615 oF FhPHSHHLI
LML LTI, Y3615

&60018 (& &H606TTE  FHLIMTTS S,
alwmumflullest  @@pLIemLI
-2 v Glupsslest.
H6L6)6V6DT 60T & & 66T
|DL_WITEITLOTS,
alwmumflég, 9
uiflFerflg & mi.

* N4611 2 | _6oTMeoT
alwmUMTSens (]R3
Lm@, elwrumifl 05557 o&
FhPH oL UL LTI,
05557 5600185 06T
FgRuTFsgl, elwmumflullest
@ pLiemL —4 3,6V
Gl SleorTmy. LNFluLd (Lpedr,
05557 2 -85 &L L 600TLOMTS:E
Gamfleormi.

+ W9928 o L 60TT60T
alwmuMy&Hens w955
Um@, awmumfl N4611 &
FhPH e eI LU LT,
N4611 & 60015 () FH60I6ITHF

Y3615
_%u




FgRUTFSGI, elwmumflullesr
@@pLiemL -1 6L

Gl (& Sleotmy. LNFluLd (Lpedr,

N4611 1 -898 &L L 660TLDTE:SE

G MHleormi.
K5552 D | 60oTTeoT
AllwmUTT&Hems PI955

Lm@, eNwmumfl E4527 &
FhH &SI LmLILIL L TF. E4527

860015 &H606TTE  FHLIMTSHEI,

eflwmumfluiledst  @@HLIemLI
-1 v
LNAluyb (pedt, E4527 2 -5
SL_L_6ooTLOMEH G CSHMIfGoTTI.

05557 2 L_6oTM6oT
alwmuTyHens ((]R:3%:
Lm@, ellwmumfl Z1106 &
FhH &SI LDLUILIL LT, Z1106

G600 ($HS606TTE  FHLIMTS S,

alwmumfluilest  @@HLIeDL
2 3,6V
LNAlub (pedt, Z1106 6 -9
&L L_6O0TLDTEH G GHMIGoTTIy.

W7924 2 |_60TMeoT
alWmUMTSens (]R3
Lm@, elwrumfl K5552 &
FhDH&HEHLI LI L.
K5552 56001 (G 560)6TTF
FgRUTFSGI, eNwmumflullesrt
@@pLiemL 2 6L

Gl Sleormy. LNFluLd (Lpedr,

K5552 7 -898 &L L 6O0TLDTS:E

GaMHleormi.

R4257 2 |_60TTenT
lWTUTTSHemS PI955
Lm@, lwmumfl W9928 g
FhH S LML LT,
W9928 560015 (G 5>60)6TTF
FgRumTFsgl, eNwmumflullesr
@ @pLiemL 1 6L

Clupsasleotmy. LNifluyb (Lpedr,

W9928 6 -85 &L L GOOTLOMTES:S
G&mifleoTTI.

Y3615 2 _|_6oTmeoT
AWmTUMT S5 WYs5
Lm@, ellwmumfl W7924 &
FhDH&HHLI
W7924 560015 (& FH60I6ITF
FgRUMFsgl, eNwmumfluilesr

ClLI(TH& & 6OTITIY.

ClLI(H &S 6oTITI.

Lo LTI,

@ pLiemL -5 6L
ClLp&Sleormy. LNfluLd (pedr,
W7924 8 -85 &L L GUOTLOMS:
GamifleoTiTiy.

IMPORTANT: Output ONLY the answer
in this exact format with no other text:
{*chain”: [v0, vl, v2, ...]} where each
value is the merchant’s wealth after each
transaction, in chronological order. Do
not show any intermediate steps or explana-
tions. Your response must be a single valid
JSON object and nothing else.

Telugu.

45693

0.8 g0 7 FySod HEwadE R4257
5008 DOHENET . &K BIBT &84,
Qo 0B OV, H& BN &S gree
DS EST  SIrG B,
©ONS, WEMHT DS WS T
e Do VRO BPRDRSL Dok,
B Sy w8 Hore ST Y™
SOITEASTgoNn. & TG0 B grE°
BRY 5P 88 508 DEE KiFa%o
DA N D, R4257 0b oo,
@B DT ANB EDBES &sarosod,
SOEIT)  DIG)Yosots  HHBAH  J&
2500 SRS Sogd w8 K a8
PSS Do S otdods.

71106 & gt S00dS S0,
Fgrd Y3615 S0k
200e0R0°%. Y3615 EVTIAOINN
$03O0D), TIF0  wrgBYR -2
& Hedowrdh. RIS  DiForT,
Y3615 argar08 9 5@ 25T00BT
.

* N4611 & argardo SO ST,
Fg>d 05557 J  Sodwds
220H20RT¢6.05557 EV I
0380, >0 wrgBYH —4 &
eS0T, DEED HS0otH, 05557 2
o000 G,

* W9928 & Trgdrto SwODS SO,
Fgrd N6l D Sodwds
200e0R0T°.N4611 EVTIAOINN
%0380, TIr0 wrBYH —1 &
(edotrdh. JEEAH 0o, N4611 1
SR @G,

+ K5552 & argardo SmiRS $omgs,




Tg>rd  E4527  Q  Sodwds
200e0BT°¢. E4527 P&
0300, Tgr0  wrgBYHS -1
& HeJon. QEDBD K00,
E4527 2 S0 oG,

* 05557 & argardo SO ST,
Fg>d  Z1106 Q  SodEs
20HNR0°E.Z1106 @O
$03O0D, TIF0 wwVRYH 2 &
eS0T, DEREH d00s, Z1106 6
ER0K0 @GS,

- W7924 & argrtio SuODY S0,
Tgrd  KS552 J Sodwds
220RNRT . K 5552 PO
%0380, ;0 wrIBYHH 2 &
(RS0, DBV S0, K5552 7

B0 @&,

* R4257 & argirdo &wOdS Soge,
TS W9928 QoS
20HeNRTE. W9928 SO

$0300D), 0 wIBYH 1 &
P, DERED SN0, W9928
6 S0P @GR,

* Y3615 & argardo SORS S0ge,
Tg>rd  W7924  Q  Sodws
20HENRT°¢. W7924 PSSO
$0380D), X0 VYD —5 &
RS0, DA HS0otH, W7924
8 Lo @G,

IMPORTANT: Output ONLY the answer
in this exact format with no other text:
{“chain”: [v0, v1, v2, ..]} where each
value is the merchant’s wealth after each
transaction, in chronological order. Do
not show any intermediate steps or explana-
tions. Your response must be a single valid
JSON object and nothing else.

Chinese.

— AL N B THIR) 46 A 5 M\ R4257)5
M, fRiEHMeTs, SR T2 AN, R
F—ERGEMTMICRAENRA S, R,
— B SRUNHRATAE XUNRL 1 KA B F3 1,
Rt TR IRT T oL, IRAVESS 2 A58
XL N PFHEIKA, M R4257HI%,
FREIT el AL T i, R AL, I
R EXEBEHRYIVE.

- 5 z110685 ARG, mABE

EFEW Y3615, Y3658 % Tk H,
K ANPIRERM T -2, fENER
FIRAE, Y3615KEMEF 1 /A9,

« E5 Ndol IR AERE, mABRE
X 05557, 055578 % 7K H,
K ANFIRBR T —4, 9 EH
A, OS557TFRZE 22,

« 155 WOORREE ARG, MG
FFEYT N4611, N46115#% 7k H,
K ANBFRER T -1, 0 EH
PR, N461IRE 71,

- £5 Kss285 ARG, BABE
EFET E4527, EAS2THZ Tk H B
FABISRERLA T —1, (EEHE
ZHi, B4527RE 7208 H,

« £5 0555785 KA R G, BABRE
EFEYT 21106, 211065 Tk H, ¥
P NBISRETELL T 2, fEIEH S
Hii, Z1106R% T 6HITH,

« fE5 W14 ARG, mAERE
LB K5552, K55528#% 7k H,
B NBRETRDL T2, £ I8
Z 1, K5552%F 771%H,

- £S5 R2SIEHRAERE, WABE
EFET W9928, W9928 1% Tk H
K NSRBI 11, (£
ZH, W9928 R T 6wk,

- 5 Y6158 R ARG, AR
EF W7924, W79248#% T K H,
K NSRBI T —5, 8
P HT, W79242 % 1 8f 2 .

IMPORTANT: Output ONLY the answer
in this exact format with no other text:
{“chain”: [v0, vl, v2, ...]} where each
value is the merchant’s wealth after each
transaction, in chronological order. Do
not show any intermediate steps or explana-
tions. Your response must be a single valid
JSON object and nothing else.

C.3.2 Discrete State Automata (DSA)

English.

You are navigating a building with different
rooms. Each room has keys that take you to
other rooms.

You start in Room E2679.

* In Room V9935, if you use the Gold

45694




Key, you reach Room H4657.

* In Room V9935, if you use the Silver
Key, you reach Room A5506.

* In Room U2824, if you use the Silver
Key, you reach Room V9935.

* In Room A5506, if you use the Gold
Key, you reach Room V9935.

* In Room A5506, if you use the Silver
Key, you reach Room V9935.

* In Room E2679, if you use the Silver
Key, you reach Room A5506.

* In Room H4657, if you use the Gold
Key, you reach Room A5506.

* In Room E2679, if you use the Gold
Key, you reach Room A5506.

* In Room U2824, if you use the Gold
Key, you reach Room E2679.

* In Room H4657, if you use the Silver
Key, you reach Room V9935.

If you use the following sequence of keys:
1. Gold Key

Silver Key

Gold Key

Gold Key

Silver Key, which room do you end up

in?

N COtS

Example response: “Room

D68817}

IMPORTANT: The sequence has exactly 5
numbered triggers. Process them step by
step: for each numbered trigger, find the
matching transition rule for your current
room and that trigger, then move to the next
room. After applying all 5 triggers, report
the final room. For example, if the sequence

{“state”:

is:

1. Gold Key

2. Silver Key

3. Gold Key
you apply trigger 1 (Gold Key), then trigger
2 (Silver Key), then trigger 3 (Gold Key),
and report the room after exactly 3 steps.
IMPORTANT: Your response must be a sin-

gle valid JSON object and nothing else.

Arabic.

45695

;jy:c%;&wawa.w K5 6
sl disb 4l e o

las & 8,2 E2679.
+ 3,5 V99350 15] ol il ¢ ol
g o b S (3 3 5 H4657.
. ‘_} B £ V99350 13] Cuedsenn Cl:il\ c‘_?'aﬂ\
g o 2k LY 3B 5 A5506.
© Q@ B U2824¢ 15 Cwdsa CL:&.U

(o2l D B b LY G B
V9935,

. L; » & A5506¢ 13] e e CL:A\ csa_l}\
uj“a @k b /Y\ S 49‘,9 V9935,

u)ms @k &k ‘,-‘}!\ S B V9935.
. d B 2 E2679¢ 13) oo ez CLA.\ 4‘54_45\
b gty &b Y 3B 2 A5506.
G B HASTC 13 sl Ll
S P PSP (N
A5506.
. (:3 B £ E2679¢ 13| Cwdieiul C\:.le\ chajj\
b gt & WY 3B 2 A5506.
G BE U2824¢ 13 Cadind Al

-

(ol Db B gk LY G B
E2679.

* 3 B & H4657¢ 13| Cedsl CL:A\

-

4‘34.45\ 5 gud @k b /‘}/\ S B
V9935,
13) oo ezl J.JWS Wl
4 Cun ol
5 ) c‘:ga.aj\Léq’bléjJ\ ‘:;J\ L';\,.',I\M\“L(.
e Jo bVl §  state™ % &7 D6881™]

IMPORTANT: The sequence has exactly 5
numbered triggers. Process them step by
step: for each numbered trigger, find the
matching transition rule for your current
room and that trigger, then move to the next
room. After applying all 5 triggers, report
the final room. For example, if the sequence

1s:




ol LA\ LQA.AH
you apply trlgger 1 ( lzal w»i‘ ), then trig-

ger 2 (CLA\ Lsa.d\ ), then trigger 3 (CLA\
) and report the room after exactly 3

steps IMPORTANT: Your response must

be a single valid JSON object and nothing
else.

Hindi.

Y ek SHRA H HT-3T A O TR 36 &
& IR T A1fedt & S el gE HAA A o
Tl 8
3T AT E2679 H & X €|
« THA V9935 H, FfE 3T T &l ATall ol
SUGNT & &, d T HAT H4657 |
Ugad ¢
« FA V9935 H, Al 3T Aial <l dTelT
T IYTNT hid 8, df 3T HHA A5506 H
Ugad ¢
« A U2824 H, Afe 39 Aidr i arer
T IUGNT hed &, df 3T HHRT V9935 |
Ugad ¢
« BT A5506 H, AT ATT Hi= T A& BT
IYANT A 8, df 3T HAT V9935 |
Tgad 2|
« BT A5506 H, Al M9 FqTEr Sl aTer
T IYTNT Hid ©, af 3T HHA V9935 |
Tgad gl
« ST E2679 #, afe q Aidr dr are
T ITINT Hed &, df 3T HHT A5506 H
Ugad ¢
« T H4657 H, TS AT T T A6t T
IYANT A 8, df 3T HAT A5506 |
Ugad ¢
« ST E2679 §, FTE 3T T bl IT&lT ol
IYANT FHd &, df 3T HAT A5506 H
ugad gl
« HI U2824 #, Al 39 T i ama
T IUTNT A 6, df 3T ST E2679 |
Ugad ¢
« A H4657 H, Al M9 Fiar i arer
T IYTNT hid 8, df 3T HHA V9935 |
Ugad ¢
gfe mu =ifeal & fefeaa w8 & 3y
TGS

1. G et
2. Tict &l ara
3. 9 = rE
4, T 6 e
5. 9t &t =, o g 3 # fohg e f

\'Ja'ﬁ ?
ITE0T Ufafehan: {“state”; “HHT D6881”}

IMPORTANT: The sequence has exactly 5
numbered triggers. Process them step by
step: for each numbered trigger, find the
matching transition rule for your current
room and that trigger, then move to the next
room. After applying all 5 triggers, report
the final room. For example, if the sequence

is:

1. | 6 =l

2. WSt b =Telt

3. |9 & =l
you apply trigger 1 (I &l 9m&l), then trig-
ger 2 (Tt & 9me), then trigger 3 (I Fr
TTelT), and report the room after exactly 3
steps. IMPORTANT: Your response must

be a single valid JSON object and nothing
else.

Japanese.

45696

BT3B 2 ED D B EY) =B H)
LTWE T, FEER IR ICHE
BCE28ADD T,

BT X ER R E2679 b2 HhE 3,

o EBER V9935 THDFEEES ¥
B H4657 XY D B EF T,
« ¥R V9935 TEROEE[ES . &8

B A5506 127 D EEE T,

o R U2824 THROEER[ES v,
B V9935 - ¥ hEEXE T,
« FE A5506 THEDFE[ S &
B V9935 ¥ hBEEEd,
« HRE A5506 TIRD#HEH S & #HP

B V9935 ¥ hBEEET,

« 582 E2679 CTIROBEZES &, #P
B A5506 IS/ B EE T,
o EBE H4657 THDFEEES &
B A5506 IS/ A EE T,
« ZRER E2679 THDEZHS . I

B A5506 1XYW EEE T,




o EER U2824 THDFE[S ¥
B E2679 IZ/- ¥ D A X T,

« ¥ H4657 THROFEEFES v, #
B V9935 IC/-E h EEE T,

ROFED Y —r v A%FHLIGE
LD

R

SO

D

o, YoOFRICLYYEEZE
T,

[ ZF D {“state”: “HfE D6881”}

IMPORTANT: The sequence has exactly 5
numbered triggers. Process them step by
step: for each numbered trigger, find the
matching transition rule for your current
room and that trigger, then move to the next
room. After applying all 5 triggers, report
the final room. For example, if the sequence

ok
=

@8 g BN =

is:

1. O

2. SR

3. ZOH
you apply trigger 1 (5 @ ), then trigger
2 3R D), then trigger 3 (58 D ##), and
report the room after exactly 3 steps. IM-

PORTANT: Your response must be a single
valid JSON object and nothing else.

Tamil.
BrIg6iT QeusuGeum)
S| MSH6IT G5 TevoTL

W)
SLIGL SHMGH6T  C\FLH M H6IT.
66UGleUMT(IH Bjemmuileyild HM
ARl EIQUEC) AN TN
C1&FeLEYILD FTAIIG6IT 2 6iT6ITEoT.

BBIG6T  emm  E2679 @6
C\BIMTL_BIG S T SH6IT.

* 36mM V9935 @ev,
b1 & 6T HHI&TF Fme
oLl LW 6sTL(h & & 60T 6L,
BrIFs6T  Ojemm  H4657-89
DGO L6 SHGIT.

s MM V9935 @6y, [BHIS6IT
GleueiTerilg gmail oL
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LIW6sTLI () & & 60T 6L,
BBIGET  Oemm  A5506-83
DML SH6IT.

c Olemm U2824 @6y, [BrBIgeiT
GleueiTerfl & Fmal oLl
LwesTLI(h & &HesTm6V,

BBIG6T  Oemm  V9935-e3
DD L6 HGIT.

* B6mM A5506 @ev,
hI&H6IT HbIGTF Fme)
Ll LwesTLI(h & eoTm6V,
BrHIS6T  Ojemm  V9935-83
DD L6 H6IT.

c OemMm A5506 @6y, [BHIGEIT

Gleueiterfl& Fmall oLl
LIW6sTLI(h & & 60T 6L,

BBIG6T  Ojemm  V9935-8
DD L6 &H6IT.

c ojemm E2679 @6y, [BrIse6iT

Gleueiteril & Fmadl o]l
LwesTLI(h & &HlesTmov,

BBIG6T  Oemm  A5506-83
DML SH6IT.

* 36mM H4657 @ev,
bI&H6IT FHbIG T Fme)
oL LIwesTL(h &S 6oTT6V),
BBIG6T  Ojemm  A5506-83
96D L6 T HGIT.

* B6mM E2679 @ev,
A1 HHIGTF Fme)
el LW 6esTL(h & 60T T6L,
BHIG6T  Bjemm  AS5506-83
DD L6 SH6IT.

* 36mM U2824 @ev,
b I G 6iT EIE:: Fmail
&Ll LIW6STL(h & 60T 6L,
BaseT  emm  E2679-89
DMLY &H6IT.

c Olemm H4657 @6, [BrBIse6IT

GleueiTerfl & Fmal eoLl
LwesTLI(h & &HesTm6V,
BrIG6T  Oemm  V9935-e3
DD L6 HGIT.
L63T6u (THLD Frel&erfleor
auflemFemwl b1 6iT
LIW6sTL (h & & 60T T6L:

1. HMHIGF FTai
2. Glaueiterflg Fmal
3. HHIGF FTa




4. HhISF FTail

5. Gleusiterld gma), @migluilev
BBIGET  6ThE DeMMemU
DDOL6NTH6IT?

{“state”:

T(HSHISHTL(h LIgl6L:
“9lemm D68817}
IMPORTANT: The sequence has exactly 5
numbered triggers. Process them step by
step: for each numbered trigger, find the
matching transition rule for your current
room and that trigger, then move to the next
room. After applying all 5 triggers, report
the final room. For example, if the sequence
is:

1. sMISF FTal

2. Gleueiterflgd gma)

3. HBIGF FTa
you apply trigger 1 (HBI&HGF FTa]), then
trigger 2 (GleueiTerflg Fmea), then trig-
ger 3 (&M1& F Fmal), and report the room
after exactly 3 steps. IMPORTANT: Your

response must be a single valid JSON ob-
ject and nothing else.

Telugu.

WH DN e e Bedsed”
JEPAND.  $B KOS osYd) S
HiEe% SKSF) ELoRRHen LT0W.

Qo K58 E2679 &° Fr8ofocrtd

* 18 V99358°, i 20 &EoRd
Q &HRTAR, 0% HB H4657 8
REZ oS,

* 6O V99358°, N Rod &EoRD
Q &IRBTOR, o HO AS5506 8
DHE0ErE.

« 650 U28248°, & R0d SR
Q &IRPOR, 0 O V9935 8§
DKHH0ErE.

* O AS55068° & 20 &EoRD
Q &IRPOR, 0 6O V9935 8§
DHE0ErE.

o 38 AS55068°, K Job &SR
Q &IRPOR, 0K O V9935 §
DHE0ErE.

+ 58 E26798°, &% Jod &EoRD
Q GIRPOR, 0 0 A5506 8

D0
¢ 8 H4657S, 0 20mdh &EoBD
Q &IRPO, W ¢d AS5506 8
DT
o 38 E2679¢°, o 20 &SoRd
Q &IRPOR, oK ¢Hd AS5506 &
D0
* 8 U2824&°, ot 20 &FoBd
Q &IBrAY, o 8 E2679 8
DT
« 4 H4657S°, 0 ok &LoBD
Q &IRBrOR, o O V9935 §
DT

N §od & EoBH® E5Q) edRTOR:
220 & FowR

08 S TR

220 & FowR

200 &FoR

R0& SHoR, WNEH DX & 16
DK EFE?

PPN E

AR IIPLEANCTANSE
D68817}

IMPORTANT: The sequence has exactly 5
numbered triggers. Process them step by
step: for each numbered trigger, find the
matching transition rule for your current
room and that trigger, then move to the
next room. After applying all 5 triggers, re-
port the final room. For example, if the se-

quence is: 1. 20T &FoI 2. 06
&Ho3) 3. 20 &SLodD you apply
trigger 1 (20 &*¢odQ), then trigger
2 (R0 @¥od), then trigger 3 (2omrSd
& ¥oid), and report the room after exactly
3 steps. IMPORTANT: Your response must

{“state”: ““8

be a single valid JSON object and nothing
else.

Chinese.

RIEE—RERY P ZT, BEAFE
HIB5 IR, B4 b5 (A AR A @ A H At b5 TR
IR,

YR MJE TR E2679 FF4E,

« TE55R V9935, qnER (i F &R, IR
2%1K 55 [E] H4657,
« TE55R V9935, qniR (i FEREHRL, IR
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SE(IRFE R A5506,
« 1E55[R] U2824, WNSRAEFEREA/, IR

2EIKFF A V9935,

« TEFIA] A5506, QSRR 7R
SE(IRBE R V9935,

« TE55 18] A5506, ANSREEFEREARZ, IR
ZEIRPEE V9935,

 TE55 18] E2679, GnSR{HFHEREAR, IR
2E(IRBE R A5506,

« TE55[0] H4657, QR (FEHSHR, IR
2FIRE R A5506,

« 1E55 1] E2679, GnSR (AR, IR
2FIRFE R A5506,

« 1E55 1R U2824, WS, IR
SFIK 5 E E2679,

« TE/5 0] H4657, ANR(FERRHRZK, IR
2EIRF5E V9935,

ATERRAL DA FAHRL : 1. S4H~

1. fRE”L

2. SHH”

3. ek

4. RARL, IREREZSTEMRANFER?

RBIEE: {“state”: “P5lH) D68817}

IMPORTANT: The sequence has exactly 5
numbered triggers. Process them step by
step: for each numbered trigger, find the
matching transition rule for your current
room and that trigger, then move to the next
room. After applying all 5 triggers, report
the final room. For example, if the sequence

is:
1. BEARE
2. HREARL
3. AKX
you apply trigger 1 (52 %H k), then trigger

2 BREHRL), then trigger 3 (2 FH&L), and
report the room after exactly 3 steps. IM-

PORTANT: Your response must be a single
valid JSON object and nothing else.

C.3.3 Probabilistic Discrete State Automata

(Pr DSA)

English.

You navigate through a building with dif-
ferent rooms. Each room has keys, which
can lead you into one of two possible rooms,

45699

each with a specific probability.

You begin in Room U5506.

* In Room D5012, if you use the Sil-
ver Key, you reach Room D5506 with
probability 0.3 or Room A5012 with
probability 0.7.

* In Room U5506, if you use the Sil-
ver Key, you reach Room D5012 with
probability 0.1 or Room U5506 with
probability 0.9.

* In Room A5012, if you use the Gold
Key, you reach Room D5012 with
probability 0.2 or Room D5506 with
probability 0.8.

* In Room D5506, if you use the Gold
Key, you reach Room US5506 with
probability 0.2 or Room U5012 with
probability 0.8.

* In Room D5012, if you use the Gold
Key, you reach Room AS5012 with
probability 0.1 or Room D5012 with
probability 0.9.

* In Room U5012, if you use the Gold

Key, you reach Room AS5012 with

probability 0.1 or Room U5012 with

probability 0.9.

In Room D5506, if you use the Sil-

ver Key, you reach Room U5506 with

probability 0.2 or Room A5012 with

probability 0.8.

In Room US5012, if you use the Sil-

ver Key, you reach Room U5012 with

probability 0.2 or Room D5506 with

probability 0.8.

In Room US5506, if you use the Gold

Key, you reach Room A5012 with

probability 0.3 or Room U5012 with

probability 0.7.

* In Room A5012, if you use the Sil-
ver Key, you reach Room D5012 with
probability 0.1 or Room U5012 with
probability 0.9.

If you use the following sequence of keys:
Gold Key, Gold Key, Gold Key, Gold Key,
Silver Key, Gold Key, Gold Key, Gold Key,
Silver Key, Silver Key, Silver Key, Silver
Key, Gold Key, Silver Key, Silver Key,
which are the 3 most probable rooms you
could reach? List these in the order from
the highest to the lowest probability. Ex-

L]




ample answer: {“states”: [“Room G5374”,
“Room W2169”, “Room T3803”, “Room
R5010”, “Room F8573”, “Room M5422”,
“Room U4598”, “Room V6313”]}

IMPORTANT: Solve the puzzle step by
step. Apply each trigger in the sequence ex-
actly once, in order. The sequence has ex-
actly 15 triggers. After applying all 15 trig-
gers, report the top 8 most probable rooms
at that point. For example, if the sequence

is “Gold Key, Silver Key, Gold Key* (3 trig-
gers), you apply trigger 1 (Gold Key), then
trigger 2 (Silver Key), then trigger 3 (Gold
Key), and report the top 3 rooms after ex-
actly 3 steps. IMPORTANT: Your response

must be a single valid JSON object and noth-
ing else.

Arabic.

R v S Y R I s
c_:u».séiﬁ.'\!.l:t;\‘s.x,\,y@cé‘/b (el K
b ezl (o2
las 3 % & U5506.
* @ B D5012¢ 1] Cadszal ALl
(2l Jiis ) B2 D5506 il
0.3 41 4] %% A5012 Ll 0.7
* g B U5506¢ ] Cadscul ALl
csadl Jaius () B2 D5012 Wl
0.1 41 4] %% U5506 wllaz=L 0.9
* 3B s A5012¢ 5] St Cl:.él\ ¢ Al
Jazis 3 %2 D5012 b= 0.2 41 J)
% & D5506 2l 0.8
* @ B D5506¢ 1] Cadszal ALl
(el i ) B e U5506 allosl
0.2 51 I %2 U5012 2l 0.8
© 3 Be D5012¢ 13 Cadeal Al
(ol Jmis 4] %5 A5012 Wl
0.1, 4] %% D5012 &L=l .0.9
© g B Us5012¢ ] Cadsaal ALl
ceadl Jaiié J) B 2 A5012 Wl
0.1 41 4] %% U5012 2llaz=L 0.9
* 3 Be D5506¢ 13 Cadal Al
ceadl Jaziub U B2 U5506 wll
0.2 41 4] % & A5012 L=, .0.8

© g B U5012¢ B Cadszal ALl
(oadl Yt 3] B s U5012 bl
0.2 41 U] % & D5506 &Lzl .0.8
© g B U5506¢ b Cadszal ALl
e Jaie J) B2 A5012 Wl
0.3 41 U % 2 U5012 alle=\, 0.7
3Bk A5012¢ 13| Cnial il ¢ gadll
Jails 1% 2 D5012 Rl 0.1 41 4]
% 2 U5012 Yl=L 0.9
13] ezl ‘_}..J»A Ll L;LJ\ Lol\ ,6::.\\\
CLA\ ,@,c\ CLA\ w’w\” CL““ ,st,m CLA\
Cul\ 52l Cun 52l CLA\ 2l CLA\
2 Cul\ i el gadl el ¢ gad)
u&;‘}w\SuMswu&u\&%q/Y\
Ol W3 iy oo Y AL Y1 ol
dle o alwa) {states™ B 2] G53747,
B2 W2169, %" T3803, %2
R5010°, % 2 F8573", % 2 M5422",
B2 U4598", % 27 V63137

IMPORTANT: Solve the puzzle step by
step. Apply each trigger in the sequence ex-
actly once, in order. The sequence has ex-
actly 15 triggers. After applying all 15 trig-
gers, report the top 3 most probable rooms
at that point. For example, if the sequence

is “Gold Key, Silver Key, Gold Key* (3 trig-
gers), you apply trigger 1 (Gold Key), then
trigger 2 (Silver Key), then trigger 3 (Gold
Key), and report the top 3 rooms after ex-
actly 3 steps. IMPORTANT: Your response

must be a single valid JSON object and noth-
ing else.

Hindi.

45700

Y -3 FHA dTedl Ueh SHRA H 9H T
2 e wY § O wifaat € St sfuent &
Turfad & & 9 ford) U § o S 9endl &,
3TR &2 Ueh ol 37U Ueh (AT WTiiehal g1

39 HHA U5506 H & & &

« S D5012 H, Ffe 31T 1) &t et
SUINT &G &, i 39 0.3 UTHiehdT & AT
D5506 T A1 0.7 WTTehdl & ST A5012

# ugad €




« HIRT U5506 H, Tfg 3ATT el ol dA1at
YA A &, a1 31T 0.1 UTTRIShdT & HET
D5012 & 37 0.9 Uikt @ &HT U5506
# ugad €|

« BT A5012 H, AT AT HiA T A6 T
SYIRT &I 8, Tl 31T 0.2 UTHAhdT & T
D5012 B 31 0.8 UTfiehdr & &HT D5506
# ugad

« ST D5506 H, Al 31 T i A&t
TGN &, a1 31T 0.2 WTiAehdT & HaT
U5506 B 41 0.8 UTiehdl & &H U5012
# ugad €

« ST D5012 #, T 319 T i a1elt
SYART A 8, 1 31T 0. 1 UTRIehdT & T
A5012 8371 0.9 WTieRar & &HT D5012
#ugad €

« AT US5012 #, AfE 377 T i 31elt i
YA HIA 8, al 319 0.1 WTRIShdT & HET
A5012 8371 0.9 WTieRar & &ET U5012
# ugad €

« HHA D5506 H, TS 31T Tlal <l ITell FHI
SYART&HIA 8, 1 31T 0.2 UTRIhdT & HHT
U5506 5 a1 0.8 UTiAehdT & T A5012
# ugad €|

« ®ERT U5012 #, Ifg 379 dial hl drat o
YR &HIA 8, 1 31T 0.2 UTRIShdT & HHA
U5012 & 37 0.8 UTiehdT & &HT D5506
# ugad €|

« T U5506 H, AT ATT Hiw bl A6t Bl
YR &I 8, 1 31T 0.3 TR & HHA
A5012 F3710.7 UTfdehar & &HT U5012
# ugad €

« ST A5012 H, IfE 37T Fidl <l ATat o
TGN &, a1 31T 0.1 IifArehd & aeT
D5012 # a7 0.9 Wiferdr @ &5 U5012
# ugad €

gfe ey wfeat & Ffefa w0 &1 SuanT
FHIA B T T T, G Y =T, T e,
i T TTe, TTe <l TTe, W el e, W
TTal, A I I, Tlal bl Te, dial sl g,
T7dr i Tre, =i i Tre, E A, @il
1 Trelt, Tidr 9, @t 9 9 8 HHL A
& o amucs uga &t TfdeRar Ted v 82
WAl & "ed o H Jiag il

ITE0T Ufafeham: {“states™: [“@HI G5374”,
“hHA W21697, “wHA T38037, “HwAA
R50107, “pHA F8573”, “HIA M5422”,
“pHY U4598”, “&hHdT V63137]}

IMPORTANT: Solve the puzzle step by
step. Apply each trigger in the sequence ex-
actly once, in order. The sequence has ex-
actly 15 triggers. After applying all 15 trig-
gers, report the top 3 most probable rooms
at that point. For example, if the sequence

is “Gold Key, Silver Key, Gold Key* (3 trig-
gers), you apply trigger 1 (Gold Key), then
trigger 2 (Silver Key), then trigger 3 (Gold
Key), and report the top 3 rooms after ex-
actly 3 steps. IMPORTANT: Your response

must be a single valid JSON object and noth-
ing else.

Japanese.

45701

HRl X, SEXIERTEND LEY)
DOFRZBEIL TVWE T, REHEICIZE
BHh, @EFES &, BEfiE 5200
HED S HDIDIZ—EDMHERT AN
9,

H 772X ER R US506 72 S a5 F 3,

« 32 D5012 TIROHEZEHS &, 0.3
DHERTHERE D5506. £721% 0.7 D
HERTHR AS012 ICA D 3,

« B2 U5506 TERDFEZFHES &, 0.1
DOHERTHENE D5012, £721% 0.9
fERCTHERE U5506 ICA D 37,

o SRR AS012 TEDEEFS L. 0.2
DHERTHEE D5012, £7213 0.8 D
fERCTHE R D5506 IS A D £3,

« ¥ D5506 THDOHE[ES . 0.2
DIERTEE U5506, £721% 0.8 D
HERTHR US012 ITA D 3,

« Z8EE D5012 TEO#EEH S &, 0.1
DHERTHEE A5012, £721309 D
MERTHE R D5012 ICA D £3,

o ¥R U5012 TEOfEEHS . 0.1
DHERTEE A5012. £7213 0.9 D
MR CERER US012 I A D 5,

« ¥R D5506 TIRDEZEHES ¥, 0.2
DHERTHER U5506, £721% 0.8 D
MR TERER AS012 12 A D £5,

« 582 US012 TEROFEHS &, 0.2
DOHERTHEE U5012, £7213 0.8 D
HERTHE R D5506 IS A D £3,

o ¥R U5506 TEDOH#HEES . 0.3
DHERTHERE A5012, £72130.7 D
HERCTHR US012 ITA D 3,




« 582 AS012 TEROFEHS &, 0.1
DIERTHENE D5012, £721% 0.9 D
MR CERR US012 I A D 35,

ROPEDS — 4 V AZHH L2545
SO S0, S0t o ok,
SO, SO, S0 RO, RO,
o Rof o o Rodk,

BRARINCERE S 2 AlEE iR d Vv Lk
N8O DERRII T2 ? & b A[REM:
DEVDH DL HENVHDDJEICY X b
LTLEXNW,

E%@{ﬁu {“States,, [“ﬁBE G5374” “1“4'3
B W2169”, “H#BE T3803”, “H#BE R50107,
“%B }:l%}: F8573n ‘G_LB )%} M5422”, “_LB )%}
U4598”, “HRE V63137]}

IMPORTANT: Solve the puzzle step by
step. Apply each trigger in the sequence ex-
actly once, in order. The sequence has ex-
actly 15 triggers. After applying all 15 trig-
gers, report the top 3 most probable rooms
at that point. For example, if the sequence

is “Gold Key, Silver Key, Gold Key* (3 trig-
gers), you apply trigger 1 (Gold Key), then
trigger 2 (Silver Key), then trigger 3 (Gold
Key), and report the top 3 rooms after ex-
actly 3 steps. IMPORTANT: Your response

must be a single valid JSON object and noth-
ing else.

Tamil.

BrIs6T GleusuGouml BemdMEH6IT
Cl&TeooTL. 6(IH SHLIGL S M @G6IT

G\ F6LE T SH6IT. 66UGGUM(H
Semmuiley|Ld grellseir
D 6IT6IT6OT. D606 2 HISHED6TT
@ revor(h) FTHSWLDT6oT
S|emMS6rfleL 6060TMI5 S
SIOLPS G| F GlF6V6eVSHFa (hLD,
6963616 MEdTMLD 6(Ih
GSOUUILL FTHSHWHEIamDEH
& m6ooT (h6iTEITS.
BrIseT  ojemm  US506  Qev
G\ B ITLBIGF T SH6IT.
+ Blemm D5012 @6y, [BrISe6IT
GleueiTerlg g el

LIWesTLI(h S H6oTmev,  [BiiseiT

45702

0.3 FTSHFHW&HFAMIL 65T {60 M
D5506 &@& evevgl 0.7
FIHSHWEHFaMIL T 60D
A5012 &G & 6lFevaf&H6iT.

3lemm US5506 @6v, [BrigeiT
Gleueiterfla& Fmall oLl
LwesTL(H S HeoTmev,  [BridHeiT
0.1 FTSHSHWHFAMIL 65T {60
D5012 &@ Ijeveugl 0.9
FISSHWHIFaMIL T 6D
U5506 &@&F G\Feuaij&HeiT.

S|6mM A5012 @ev,
BrIGeT Hms  Fmell &Ll
LwesTU(h & &eoTmev,  HhigheiT
0.2 FTHHWEHFAMIL 63T B{6mM
D5012  &@ 9evevgl 0.8
FIHSWEHFMIL T  Bj6mMD
D5506 &@&F 6\ FeLa)j&H6IT.

S|6mM D5506 @6V,
BrIseT Hms  Fmell &L
LwesTU(h & HeoTmey,  [BiiseiT
0.2 FTHHWHFaMIL 63T D{6mM
Us506 &@& Jevevgl 0.8
FIHSWSHFaMIL T  Dj6mM
U5012 &G F G\Fevalj&e6iT.

{6 D5012 @6y,
LT L Y TP S 31 N | o T
LwesTL(h &G HeoTmey,  [BiiseiT
0.1 FTSHFWHSAMIL 65T {60
A5012  &@E& Ievevgl 0.9
FISSHWEFaMIL T 60D
D3012 & @& 6\F6va)f&H6IT.

S{6mM U5012 @ev,
BrhIFH6T SHmis  FTall  eUd
LwesTL(hH &G HeoTmev,  [HiisHeiT
0.1 FTSHFWHSFAMIL 65T {60 M
AS012  &@& Ievevgl 0.9
FIHSHWEHFaMIL T 6D
U5012 &&& 6l&6vaif&HeiT.

3lemm D5506 @6y, [BrIgeiT
Gleueiterflg& Fmall oLl
LwesTL(h S HeoTmev,  [HridHeiT
0.2 FTHSHWEHSFAMIL 63T S{6mM
Us506 &@& evevgl 0.8
FISSHWEHIFaMIL T 6D
A5012 &@F O\ Fevaf&HeiT.

Semm US012 @6y, [HhIseiT
Gleueiterfl& Fmail oLl
LwesTU(h & &eoTmev,  HhighelT
0.2 FTHHWEHFAMIL 63T B{6MM




Us012  &@& levevgl 0.8
FIHSHWEFaMIL 6T  6DD
D5506 &&& 6l&F6va) T &H6iT.

* B6mM U5506 @ev,
BPriseT Hms  Fmeall &L
LIwesTLI(h S FesTTev,  [BriidseiT
0.3 FTHSH W EHFAMIL 63T S{6mM
A5012  &@E& Ijevevgl 0.7
FIHSHWEFaMIL T  6DD
Us012 &@&F G\FeuaijoHeiT.

c Oemm AS012 @6y, BHIS6T
Gleueiterils grail Ll
LwesTU(h & &enTmev,  HhigeiT
0.1 FTHHWEHFAMIL 65T B{6mMD
D5012  &@& IJevevgl 0.9
FIHSHWSHFaMIL 6T  D6mM
Us012 &@&F G\FeuaijoHeiT.

Lil6dT6u (MHLD Fma&erflesr
auflemFemul A1
LW 6esTL(h & & 60T T6L: PHHIG
Frad), SHIEH  Foal, HHIG

gmadl, sme Fmal, GleusiTerfld
gmel, smis Fral, HmIs Fral,
FHIgE Fradl, GleueTerlld Fmal,
Gloueiterfled gma, Gleueiterllg
Fgmadl, Geueiterfld Fmal, HmHisH
Fma), Gloueiterfl& gma,
Gaueiterlles  Fmai), b1 & 6iT
(PLGeUEDL_ WIS T LG U NP5
H&HPSHH| 8 eOHMEHEIT 6T6em6U?
2155 AL AN NI ES
GEODEUTET  HHLPSHHEY GUHIT
auflemswms LI Iqwel(hmkiseT.
T(HSHISHHTL(h LIFlev: {“states™
[“Djerm G5374”, “DjemdmM W2169”,
“lemdm T3803”, “jemm R50107,
“@leodm F8573”, “lemm M5422”,
“9lemm U4598”, “jemm V63137]}

IMPORTANT: Solve the puzzle step by
step. Apply each trigger in the sequence ex-
actly once, in order. The sequence has ex-
actly 15 triggers. After applying all 15 trig-
gers, report the top 3 most probable rooms
at that point. For example, if the sequence

is “Gold Key, Silver Key, Gold Key” (3 trig-
gers), you apply trigger 1 (Gold Key), then
trigger 2 (Silver Key), then trigger 3 (Gold
Key), and report the top 3 rooms after ex-
actly 3 steps. IMPORTANT: Your response

must be a single valid JSON object and noth-
ing else.

Telugu.

45703

N DG HeHen &) 35%580°
QORI . NS 3OS &EoBHeN
GOV, ®D YD) Tocd GRS
(0 w88 SREHXLY, N8RS
2.8 QQQ c\’)oa;"c‘ége‘.’@ &otNoai.

S 150 U5506 &° rSodyth.

* 68 D5012 &, Q& Ik &ToB)
Q GNATAR, oth 0.3 Jogragds
658 D5506 8 S 0.7 Sogrdgsd 150
A5012 § SthEooerdd.

* 68 U5506 &7, Q& Jod &Eod
Q GHATAR, ot 0.1 Sogragds
t56 D5012 8 S 0.9 Kogrdgsd 150
U5506 § S3thgoertd.

* 58 A5012 &, ot 20 & oD
Q GIRTAR, o 0.2 Jogragds
t50 D5012 & S 0.8 Kograigss’ ¢
D5506 § S3&hE0ertd.

* 610 D5506 &°, ot 2o & EoR
Q GIRTAR, o 0.2 Kogragss
656 U5506 8§ S 0.8 Sogrsdgese’ 150
U5012 § Sthgoertd.

* 650 D5012 &°, ot 2o & Eoi
Q SHRAPAY, abth 0.1 Kogrsgss
650 A5012 & S 0.9 Sogragse’ (i
D5012 § S3&h80erd.

* 658 U5012 &°, aoth 2o &Eode)
Q SHXAPAY, b 0.1 Dogrsgss
50 A5012 & S 0.9 Kograigde A
U5012 8 Sto&oer.

* 68 D5506 &7, Q& Jod &EoB
Q GNATAR, ot 0.2 Sogragds
6568 U5506 8§ S 0.8 Kogrdgsd 150
A5012 § StEooerd.

60 U5012 &, Q& o0& &Eod
Q GNATAR, ot 0.2 Jogragds
656 U5012 8 8o 0.8 Kogrsgese 150
D5506 § S&hEoertd.

* 68 U5506 &, aoth 200 & Eoda)
Q GIATAR, o 0.3 Kogrugds
650 A5012 8 S 0.7 H0gragss’ i
U5012 § S3th8oertd.

+ 60 A5012 &, & Jod SToR
Q GIRTAR, o 0.1 Sogragse




¢80 D5012 & S 0.9 KHogrsigse (o

U5012 & 38%oérs.
N 8ol SToRDO X)) &HATAR:
220D B°S0w3a), 220D &°Hoda), Lo
SS0RD), oML SToRY), N0k BHoRY,
220D B°S0w3a), 220D &°Howda), Lo
SHoRD), 0k SHoRN, 0k BToRY,
06 SRR, R0G SHoWR, Do
SHoRD), ok SHoRR, 0k BToRY,
& WS eegods Kograg 8 HHeHen
AD? @08 D00 ok SEY.D
éoaﬁ"?ﬁgo DB 00’ D@ F0Hod.

GOS0 (BNeEN:  {“states”:  [“HO
G5374”, “t1& W2169”, “6& T3803”, “ti&
R50107, “t9& F8573”, “ti& M5422”, “t&
U4598”, “ti8 V63 13”]}

IMPORTANT: Solve the puzzle step by
step. Apply each trigger in the sequence ex-
actly once, in order. The sequence has ex-
actly 15 triggers. After applying all 15 trig-
gers, report the top 3 most probable rooms
at that point. For example, if the sequence

is “Gold Key, Silver Key, Gold Key* (3 trig-
gers), you apply trigger 1 (Gold Key), then
trigger 2 (Silver Key), then trigger 3 (Gold
Key), and report the top 3 rooms after ex-
actly 3 steps. IMPORTANT: Your response

must be a single valid JSON object and noth-
ing else.

Chinese.

TRIEE—MRERY P Z1T, HimA A FE
IG5 IA], B b5 A AR A — L2 R, (i
SRR G, PRPT DARGE M DNRFE b5 Rl
M=y, HRTTERA b AR 2 71k
3508

PRI FETE] U5506 FF44,

« TE55[R] D5012, QNS FAREAR, IR
F 0.3 R SFIA5E D5506, B
0.7 FIIER 2R H AS012,

« TEBIA] US506, Q05 FAREARL, 7R
F 0.1 IMEREZEIAF B D5012, A
0.9 IR SR B E] US506,

- TE55E] AS012, GnR#HEHSHR, IR
F 0.2 FERAZEIAEH D5012, A
0.8 IR 23R H D5506,

« 1E55 7] D5506, SR, 7R
F 0.2 IR SEIA 5 A USS06, A
0.8 IR ZFIRBEE] US012,

« TE/5 (A1 D5012, QNS eHR, IR
0.1 R ESZIABE A AS012, A
0.9 IR FIRFE D5012,

« 1E55 1A US012, WSS, 7R
0.1 R SEIEER AS012, A
0.9 FIMERSZIRB R US012,

 7£55 18] D5506, ANSRfERRAR, 1R
F 0.2 IR S FIK G E US506, B
0.8 RS FIRBEE] AS012,

« TE55IRI US012, QNS FREAR, IR
A 0.2 MR SRR US012, A
0.8 FIIER = EIR 5 H D5506,

« £ 1R US506, QR HEHRR, R
F 0.3 R SEIEEE AS012, B
0.7 FIMER IR R US012,

« TE55 1] AS012, ANSRMERREAR, IR
0.1 R SFIABE A D5012, A
0.9 RS FIR B E US012,

fBigd% A M R . 2 8HRE, 540
e, SR, AR, IR, SR, &5
Rk, PR, BREARL, BRI, IREARL, R
L, SR, PR, IREARL, B IRR
AT AL B R i = Y 8 b5 TRl 70 7l /2 ?
THTEMER MR BRI

MR 7R {“states™ [“FFIA] G5374”, “F
6] W2169”, “FFIE) T3803”, “FA] R50107,
“B5 [ F8573”, “F5 [A] M5422”, 55 [l
U4598”, “B5 1R V63137]}

IMPORTANT: Solve the puzzle step by
step. Apply each trigger in the sequence ex-
actly once, in order. The sequence has ex-
actly 15 triggers. After applying all 15 trig-
gers, report the top 3 most probable rooms
at that point. For example, if the sequence

is “Gold Key, Silver Key, Gold Key* (3 trig-
gers), you apply trigger 1 (Gold Key), then
trigger 2 (Silver Key), then trigger 3 (Gold
Key), and report the top 3 rooms after ex-
actly 3 steps. IMPORTANT: Your response

must be a single valid JSON object and noth-
ing else.

45704

C.3.4 Graph Shortest Path

English.




Social network connections:

1. W9928 and C4582 are neighbors.
. C7912 and R4257 are classmates.
. H4657 and C7912 are neighbors.
. H9279 and U2824 are classmates.
. U2824 and H4657 are coworkers.
. A5506 and B1488 are coworkers.
. W9928 and V9935 are relatives.
. T1434 and V9935 are relatives.
9. B1488 and R4257 are relatives.
10. E2679 and T1434 are relatives.
11. E2679 and A5506 are classmates.
12. H9279 and C4582 are friends.

[c BN Bio) RV, T SN US I ]

Question: What is the shortest chain of con-
nections from H4657 to V99357 List the
people in order from H4657 to V9935, in-
cluding both H4657 and V9935.

Solve the puzzle step by step using BFS al-
gorithm. At the very end, only output your
final answer as a single JSON object on
its own line in this exact format: {“path”:
[“A1234”, “B5678”, “C9012”]} The path
should list all nodes from the source to the
target in order, including both the source
and the target. Do not include any other text
after the JSON.

Arabic.

TS edeh & Hay:

. W9928 3R C4582 UsIdt &
. C7912 3R R4257 TgUTé! 81
. H4657 3R C7912 UsIHt €1

. H9279 31k U2824 T&uté! gl
. U2824 3R H4657 GeHi 21
. A5506 3R B1488 TgahHl gl
. W9928 31k V9935 fieder &
. T1434 3k V9935 feder &l
. B1488 37X R4257 Reder &1
10. E2679 3fR T1434 Reder &
11. E2679 3R A5506 SgUTd! &1
12. H9279 3fR C4582 = &1

UL H4657 & V9935 Teh Ugan ol dad BieT
U AT T 82 H4657 ¥ V9935 dch & Feft
TN &l SRH B §dT8U, H4657 3R V9935 gt
& AT hed §UI

Solve the puzzle step by step using BFS al-
gorithm. At the very end, only output your
final answer as a single JSON object on
its own line in this exact format: {“path”:
[“A1234”, “B5678”, “C9012”]} The path
should list all nodes from the source to the
target in order, including both the source
and the target. Do not include any other text
after the JSON.

O 00 IO Uk WN =

Japanese.

Ly, S el VI
.1 W9928 C4582, .0\ e
12 C7912 R4257 My viulyo
.3 H4657 C79125 .0\ s
\4 H9279 U2824, ¢S} il
.5 U2824 H4657, o3} . |
.6 A5506 B1488, +S} + |&
.7 W9928 V9935, ., 5]
.8 T1434 V9935, .51
.9 B1488 R4257, .,
.10 E2679 T1434, .61
11 E2679 A55065 «3 vl
.12 H9279 C4582, +els|

W5l b2 sl dlde OVl e H4657
J1V9935¢ §31 LotV g AL o H4657 (U]
V9935¢ ¢ 3 i3 H4657 V9935,

Hindi.
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V= Fy NI — T DORHD
. W9928 % C458213E N T3,

. C7912 & RA257VXFIFAETT,

. H4657% CT91213BE N T3,

. H9279 ¥ U28241F AT T,

. U2824 ¥ H46571X[EMHET T,

. A5506 ¥ B1488IZ[EME T,

. W9928% V993513 H T3,

. T1434 ¥ V993513 T3,

. B1488¥ R425713 BB T T,

10. E2679 % T143413HM T 7,

11. E2679% A5506/X[F#AE T3,

12. H9279¥ C45821X KIET T,

B[ HA6572> 5 V9935F TD I d 5
WD 72 53 DGR T 3§ A ? HA65T D &
V9935 £ TD AN¥ %, H4657 B L Of
V9935% & TIHEFICZEIFTL 2 &\,

Solve the puzzle step by step using BFS al-
gorithm. At the very end, only output your

0NN AW

O




final answer as a single JSON object on
its own line in this exact format: {“path”:
[“A1234”, “B5678”, “C9012”]} The path
should list all nodes from the source to the

target in order, including both the source
and the target. Do not include any other text
after the JSON.

Cameitarl: H4657 @ell(hibgl V9935
suemyuilevmest &S  (GMISIW
Cl& LI FmiFH6\ 6TGOT6OT?
H4657 @ell(phgl V9935 euemIy
alflemFwIms BLIT&HD6ITL
UL 1quieSl(hmbigseiT, H4657 HMILD
V9935 @(peuem b CFISHGI.

Solve the puzzle step by step using BFS al-
gorithm. At the very end, only output your
final answer as a single JSON object on
its own line in this exact format: {“path”:
[“A1234”, “B5678”, “C9012”]} The path
should list all nodes from the source to the

target in order, including both the source Telugu.
and the target. Do not include any other text
after the JSON. 5ress Re5a36), Howorren:
1. W9928 080D C4582
Tamil. QBN EUDTERD.
2. C7912 300050 R4257 Sramrgdoos.
Folpss SlERET e ETEy 3. H4657 BeVlaloviy) C7912
BeDETTLIL|SGT: QDL DR,
1 T DO o 4. H9279 08050 U2824 Ssradargdoen.
' SiTanL el LT, 5. U2824 8050 H4657 fvfﬁ"&%m@
2. C7912 LopmIb R4257 GuGLILS 6. A5506 0050 B1488 JsFESyhe.
CH T &6, 7. W9928 328050 V9935 230&sden.
3. H4657 LoHMILD CT912 6BTemL 8. T1434 50805» V9935 2xo&hsden.
L. 10, £2670 560k T1434 oty
. . o . 20 0.
4. gg;;?gﬁ%_m V2824 ugHLS 11. E2679 50050 A5506 S5-mrghes.
5. 02824 Lopmitd  H4657 &6 12. H9279 00050 C4582 sredoex.
2emOWIF&H6iT. $%: HA4657 080%0 V9935 &gy &y
6. AS506 LOMILD  BI488 &% ©® D) HBSAH Bowogo ADE?H4A657
semplwfseir. Bo& V9935 $8%H SgHerd S
7. W9928 LOMMILD V9935 BoHod,HA657 0% V9935 agod
2 peflarser. St
8. T1434 LOMHMILD V9935 ,
2 DeNeoTiB6iT. Solye the puzzle step by step using BFS al-
9. B1488 LoHmILD R4257 gorithm. At the very end, only output your
2 PeNeoTiS6iT. final answer as a single JSON object on
10. E2679 LOHMILD T1434 its own line in this exact format: {“path”:
2 D& GoT&H6TT. [“A1234”, “B5678”, “C9012”]} The path
11. E2679 oHmIb A5506 U@GLILIS should list all nodes from the source to the
e BT H6TT. target in order, including both the source
12. H9279 LOHMILD C4582 and the target. Do not include any other text
(BEBITLIJ &GiT. after the JSON.

Chinese.

45706

AR K ZR

. W9928F1 C4582241 /=,
. C7912F1 R4257/&[FI%E,
. H4657F1 C7912/24R
. H9279%1 U2824 & [FI*Z,
. U2824 %1 H465752 [R5,
. A5506F11 B148872[F] %,
. W9928%1 V99352 3% i,
. T1434F1 V993572 3E B0
. B1488H1 R4257523E
. E2679F1 T1434/&3%

S O 031N LN kW~
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11. E2679F1 A5506-2 [F]%%,
12. H9279F1 C45822 A K.

[l : M\ H4657% V9935, F I Ak

REERT 47 BT 5 HErE KA
IXAERIN, 1 H4657F1 V99354
Ao

Solve the puzzle step by step using BFS al-
gorithm. At the very end, only output your
final answer as a single JSON object on
its own line in this exact format: {“path”:
[“A1234”, “B5678”, “C9012”]} The path
should list all nodes from the source to the
target in order, including both the source
and the target. Do not include any other text
after the JSON.

ple if Player A1234 is best and Player
B5678 is worst: {“ranking”: [“A1234”,
“B5678’]} Do not include any other text af-
ter the JSON.

Arabic.

C.3.5 Tournament Ranking
English.

Match results:

Player V9935 defeated Player A5506.
Player U2824 defeated Player A5506.
Player E2679 defeated Player H4657.
Player E2679 defeated Player A5506.
Player A5506 defeated Player H4657.
Player U2824 defeated Player E2679.
Player V9935 defeated Player E2679.
Player V9935 defeated Player U2824.
Player V9935 defeated Player H4657.
Player U2824 defeated Player H4657.

[

PP PSHVN
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Question: Based on the results given above,
rank all players from strongest to weakest.

This is a topological ranking puzzle. The
match results define a directed acyclic
graph where each edge represents one
player defeating another. Your task is to
find the unique total ordering consistent
with all results.

There are exactly 5 players in total. Your
final ranking must include all of them.

Solve the puzzle step by step. At the very
end, only output your final answer as a
single JSON object on its own line. Use
only the player IDs (the alphanumeric codes
like “D5506”, not the full names) in this
exact format: {“ranking”: [“<best id>“,
“<2nd _id>“, ..., “<worst_id>“]} For exam-

£l bl
1 oY V9935 a5n oY A5506.
2 oY U2824 p3» eN A5506.
:3 <Y E2679 p3» oY H4657.
4 oY E2679 p3» oY A5506.
5 eV A5506 p3s oY H4657.
16 s U2824 p38 oY E2679.
7 oY V9935 ain oY E2679.
8 Y V9935 p3s oY U2824.
19 eV V9935 a5a oY H4657.
10 oY U2824 p3n oY H4657.

Wil 2l o 2 5 el oy
2N e 3V Al Cans V)

This is a topological ranking puzzle. The
match results define a directed acyclic
graph where each edge represents one
player defeating another. Your task is to

find the unique total ordering consistent
with all results.

Bis Ll 5 eV G ppedl ot O e
Solve the puzzle step by step. At the very
end, only output your final answer as a
single JSON object on its own line. Use
only the player IDs (the alphanumeric codes
like “D5506”, not the full names) in this
exact format: {“ranking”: [“<best id>“,
“<2nd _id>“, ..., “<worst_id>“]} For exam-
ple if Player A1234 is best and Player
B5678 is worst: {“ranking”: [“A1234”,
“B5678’]} Do not include any other text af-
ter the JSON.

Hindi.

45707

wfaaifirar & gform:

1. fgemSt v9935 I f&emdt A5506 &
AT
2. faemst U2824 T &Sl A5506 &t




AT
3. faemet E2679 ¥ faemst H4657 &t

BT

4. fgemgr E2679 9 fEaSl A5506 @i
BT

5. fgamsl A5506 4 Ra@rsr H4657 @&t

AT

6. faamsr U2824 7 TSt E2679 @t
AT

7. fgemsr V9935 7 fIemSt E2679 @t
AT

8. femsr V9935 = fEamst U2824 @t
T

9. femgr V9935 = @St H4657 @t

BT
10. el U2824 3 f@@TST H4657 i
AT

TeT: FU fou v uRumEt & smur W), aeft
fEeTiedi & Td9s § Gad FHASR dh Hivd
Exd

This is a topological ranking puzzle. The
match results define a directed acyclic
graph where each edge represents one
player defeating another. Your task is to
find the unique total ordering consistent
with all results.

A ool ey 5 Raarmst €1 stmaeht T &
Toft fEeret anfiet g =t

Solve the puzzle step by step. At the very
end, only output your final answer as a
single JSON object on its own line. Use
only the player IDs (the alphanumeric codes
like “D5506”, not the full names) in this
exact format: {“ranking”: [“<best id>“,
“<2nd_id>“, ..., “<worst_id>*“]} For exam-
ple if Player A1234 is best and Player
B5678 is worst: {“ranking”: [“A1234”,
“B5678”]} Do not include any other text af-
ter the JSON.

H4657 IZB5#] L 72,

4. 71V 4 ¥ —E2679 X 71 4 ¥ —
A5506 IZHSFI L 7=,

5. 7L A4 Y — AS506 1 7L A4 ¥ —
H4657 IZB5#| L 7z,

6. 7L A ¥ —U2824 X714 ¥ —
E2679 \ZHER] L 7=,

7. 7L 4 ¥ — VI35 XL A ¥ —
E2679 \ZHER] L 7=,

8. 7L A ¥ — V9935 XL A ¥ —
U2824 IZH5FI L 7=,

9. 7L A4 ¥ — V935X 1L A ¥ —
H4657 IZ5H) L 7=,

10. 7L A4 ¥ —U2824 1371 A4 ¥ —
H4657 IZ5H) L 7=,

B FERofERICESWT, T RTD
T A Y —FEWVADSTHNAANEIZ
WARTL 72X,

This is a topological ranking puzzle. The
match results define a directed acyclic
graph where each edge represents one
player defeating another. Your task is to
find the unique total ordering consistent
with all results.

BETH LIS ADT LAY =D
T3, RIS X I3 ER
EHZNEND D T3,

Solve the puzzle step by step. At the very
end, only output your final answer as a
single JSON object on its own line. Use
only the player IDs (the alphanumeric codes
like “D5506”, not the full names) in this
exact format: {“ranking”: [“<best id>“,
“<2nd _id>“, ..., “<worst_id>“]} For exam-
ple if Player A1234 is best and Player
B5678 is worst: {“ranking”: [“A1234”,
“B5678’]} Do not include any other text af-
ter the JSON.

Japanese.

REAER:
. 7L A4 ¥ —V9935 7L 4 ¥ —
A5506 WZH5FI L 7=,
2. 7L A4 —U02824 137 L A ¥ —
A5506 IZEF) L 7=,
3. 7V A4 VY —E2679 13 1L 4 ¥ —

Tamil.

(B760TGILD6OTL. (LPLG6Y| 61T

1. &y V9935 &Iyy  A550689
CHTDHHIGSHT.

2. adyy  U2824 &y AS55068
CHTDHHIGSHT.

3. gy E2679 &gy H465799
CHTDHHIGSBHT.
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4. &3y E2679 &y AS550683
CHTHHIGSDHTH.

5. 00 AS506 &y H465789
CHTHHIGSDHTH.

6. &Iy U2824 &gy  E267989
CHTHHIGSHSTH.

7. 07 V9935 &y E267989
CHTHHIGSHSTH.

8. &XFf V9935 &gy U2824e9
CHTHHIGSHSTH.

9. &y V9935 @&y H46579
CHTHHIGSHST.

10. &y U2824 &Iy  H465789
CHTHSHIGSHST.

GameiTa: GLoGev 2 GiTeIT

(WpLgeyseriledt  jglitiemL_uiley,

SI66OTH G| AT HEMEITU LD

eueSlemLowimesteUfleSl(hH&!

LI6V6Y 60T LD ITGOTGU QUEDIJ

eUflemFLILI(H S HIMBIS6IT.

This is a topological ranking puzzle. The
match results define a directed acyclic
graph where each edge represents one
player defeating another. Your task is to
find the unique total ordering consistent
with all results.

GlmssI  FHlWTe: 5 eNisHeiT
2 GITGIT6OTI]. 2 BI&6IT
srauflenguiley HbHSH SiemeTd G|
NI & (GTHLD @L1bGLID
Geu6soT(HLD.

Solve the puzzle step by step. At the very
end, only output your final answer as a
single JSON object on its own line. Use
only the player IDs (the alphanumeric codes
like “D5506”, not the full names) in this
exact format: {“ranking”: [“<best id>“,
“<2nd_id>“, ..., “<worst_id>“]} For exam-
ple if Player A1234 is best and Player
B5678 is worst: {“ranking”: [“A1234”,
“B5678’]} Do not include any other text af-
ter the JSON.

2. o U2824  2and  A550650
BolboTD.

3. o E2679 006 H4657%0
BulboTD.

4. 006  E2679 ond  A5506:%
BulboTD.

5. 2000 A5506 o H4657%0
BolboTD.

6. oN0  U2824 HoHd  E2679%0
BolboTD.

7. 096 V9935  Dawbd  E2679%
BolboD.

8. R0HE V9935  HoD6  U2824%
BulboD.

9. HOHE V9935  HoHE  HA657%
Bulso.

10. oRb  U2824 HoHb  H4657%
LG0T,

Q) PO NS PO o, @oldh
2096 2ORd 0 Dod LIFIR 0
N o308 Bahod.

This is a topological ranking puzzle. The
match results define a directed acyclic
graph where each edge represents one
player defeating another. Your task is to
find the unique total ordering consistent
with all results.

Q0o 5 0ok 3’30‘535‘3 6&5"&&. KN 59?65
G"Soéoﬁée ®08R 50‘3@.

Solve the puzzle step by step. At the very
end, only output your final answer as a
single JSON object on its own line. Use
only the player IDs (the alphanumeric codes
like “D5506”, not the full names) in this
exact format: {“ranking”: [“<best id>*,
“<2nd id>“, ..., “<worst_id>*]} For exam-
ple if Player A1234 is best and Player
B5678 is worst: {“ranking”: [“A1234”,
“B5678’]} Do not include any other text af-
ter the JSON.

Chinese.
Telugu. Frgmst i
1. 1%F V9935 Il TiEF A5506,
SR8 HOSen: 2. 3T U2824 il 7i%F A5506,
1. RAHE V9935 2and  AS5506:% 3. JEF E2679 il T IET H4657,
BoGoh. 4. J%ETF E2679 W TIETF A5506,
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1EF A5506 W T IET H4657,
1%EF U2824 i T 1ETF E2679,
1ETF V9935 il TI%ETF E2679,
1ETF V9935 Il TI%ETF U2824,
1ETF V9935 il T IETF H4657,
10. JZETF U2824 W T 1ETF H4657,

Al RS BIAGER, KA IETFILE
HI NSRBI GG AT HER .

This is a topological ranking puzzle. The
match results define a directed acyclic
graph where each edge represents one
player defeating another. Your task is to
find the unique total ordering consistent
with all results.

5 BET, EHREHIG O ETE
FTRIET,

Solve the puzzle step by step. At the very
end, only output your final answer as a
single JSON object on its own line. Use
only the player IDs (the alphanumeric codes
like “D5506”, not the full names) in this
exact format: {“ranking”: [“<best id>“,
“<2nd _id>“, ..., “<worst_id>“]} For exam-
ple if Player A1234 is best and Player
B5678 is worst: {“ranking”: [“A1234”,
“B5678’]} Do not include any other text af-
ter the JSON.

S o e L
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