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Abstract

Multilingual language models now cover more
languages than ever, yet script-sharing low-
resource languages remain vulnerable to fail-
ures driven by script and dominant-language
priors. This dissertation studies one such fail-
ure mode, semantic interference, in Square Bai
Script, where many forms resemble Chinese
characters but often differ in meaning. We ar-
gue that current adaptation pipelines underper-
form not only because Bai is low-resource, but
because they treat visible overlap as safe trans-
fer by default. Building on an expert-validated
corpus of 28,382 Bai–Chinese sentence pairs,
an out-of-domain epigraphic set and a repro-
ducible encoding pipeline, the dissertation will
(1) diagnose semantic interference, (2) com-
pare adaptation strategies under realistic com-
pute constraints, and (3) estimate when shared-
script transfer helps or harms adaptation. The
long-term goal is Bai-capable understanding
and generation. The dissertation addresses the
prerequisite problem of safe and effective adap-
tation in a script-sharing low-resource setting.

1 Introduction

Multilingual NLP is at a contradictory moment.
Open multilingual models now cover more lan-
guages and are easier to adapt than even a few years
ago. Aya was instruction-tuned for 101 languages,
more than half lower-resourced, while Qwen3 sup-
ports 119 languages and dialects and offers a 0.6B
model suitable for careful experimentation (Üstün
et al., 2024; Yang et al., 2025). Yet broader cov-
erage has not solved the long tail. Large multilin-
gual models still underperform simple baselines on
basic generation for many languages, and recent
evidence suggests that cross-lingual interference re-
lates more strongly to script than to language family
(Chang et al., 2024; Alastruey et al., 2025). Script
representation and tokenization therefore remain

first-order modeling decisions rather than super-
ficial preprocessing choices (Husain et al., 2024;
Ebing et al., 2026; Xue et al., 2022; Pagnoni et al.,
2025; Nag et al., 2025; Zheng, 2026).

This dissertation focuses on one especially diffi-
cult setting within that broader landscape: script-
sharing languages. In such settings, a minority lan-
guage reuses the graphic inventory of a dominant
language, but the mapping from surface form to
meaning is only partially shared. Square Bai Script
(Fangkuai Baiwen) exemplifies this challenge. It
is a Chinese-character-derived writing system with
its own internal writing principles, formed through
both borrowed Chinese characters and Chinese-like
created characters (Wang, 2004). Many forms are
graphically close to or identical with Chinese char-
acters, yet their meanings often differ, creating a
risk that a Chinese-strong model will anchor on the
wrong sense during understanding or generation.
We call that failure mode semantic interference. Its
practical signature is not just lower aggregate ac-
curacy, but structured errors such as sense substitu-
tion, Chinese leakage and unstable disambiguation.

Square Bai is theoretically informative because
script overlap with Chinese is neither trivial borrow-
ing nor full equivalence. Some shared forms are
semantically aligned and may provide useful cross-
lingual anchors; others are divergent, polysemous
or context-sensitive, and therefore invite misinter-
pretation. In particular, many borrowed forms are
used for Bai sound value rather than straightfor-
ward semantic equivalence, which helps explain
why visible overlap with Chinese can be deceptive
(Wang, 2004). This mixed regime makes Bai a
sharper test case than generic low-resource adapta-
tion. The central question is not whether overlap
is beneficial in the abstract, but which visible over-
laps should be trusted, which should be controlled,
and which require stronger Bai-specific evidence.

487



Overlap can support beneficial transfer or 
induce semantic interference

Shared form, unequal meaning

Shared form, aligned meaning
Home

?

Home

Take a rest Little/Few

PUA-based 
encoding & normalization

audited data
contrast sets
minimal contrast sets 
out-of-domain evaluation
BaiBench 

prompting + lexical support
script / tokenizer / vocabulary controls 
continued pretraining / standard PEFT

Study I: Diagnose interference

Study III: Estimate boundaries and mit igate

controlled sharing 
retention-aware adaptation 
Bai / Chinese trade-offs 
useful vs harmful overlap

Study II: Compare adaptation controls

Dissertation Research Program

BaiBench &

audited resources

Better Bai performance 

with Chinese retention

Theory & guidelines for 

script- sharing 

low- resource NLP

Expected OutputsEvidence Base Shared-script Transfer

Dabenqu corpus

? main supervised corpus)

Shanhuabei epigraphic set

? out-of-domain set?

Roof- tile inscriptions

? archaeological source?

?

Unsafe Transfer 
Semantic Interference

Beneficial Transfer 
Aligned Overlap

Figure 1: Dissertation logic. The dissertation treats script overlap as a variable that can support beneficial transfer
or induce semantic interference, rather than as automatically helpful transfer, and must therefore be diagnosed,
controlled, and evaluated explicitly.

Direct NLP work on Bai remains sparse. Recent
ACL-style work treats Bai primarily as a spoken-
only translation benchmark via IPA transcription
rather than as a script-sharing written language, un-
derscoring the novelty of focusing on Square Bai
script and Bai–Chinese written adaptation (Chen
et al., 2025). Figure 1 summarizes the dissertation
logic and the relationship between the core studies.

Instead of attempting to pretrain a Bai founda-
tion model from scratch, this dissertation treats
Square Bai as a high-value case study for under-
standing when script-sharing transfer is beneficial
and when it becomes unsafe. The long-term goal
is Bai-capable understanding and generation. The
dissertation addresses a prerequisite problem: how
to adapt strong existing open-weight models to
Bai without allowing visible overlap with Chinese
to dominate interpretation. Its main contributions
are therefore explanatory as well as empirical: a
rigorous formulation of semantic interference, an
interference-aware benchmark and diagnostic layer,
and a controlled comparison of adaptation strate-
gies that clarifies when shared overlap should be
preserved, controlled or overridden.

Core scope. The dissertation studies adaptation
of strong existing open-weight models rather than
pretraining from scratch. Translation is the pri-
mary task because it most directly exposes seman-
tic anchoring errors. Synthetic data is treated as
a quality-gated late-stage extension rather than a
built-in assumption.

2 Theoretical Framing and Related Work

This section situates the dissertation within recent
work on multilingual low-resource NLP, script-
sensitive modeling, and related Chinese-character-
derived writing traditions.

Multilingual coverage versus the long tail. Re-
cent multilingual models have moved the baseline
for low-resource NLP upward. Aya broadens multi-
lingual instruction following, and Aya Expanse re-
ports strong multilingual performance among open-
weight models (Üstün et al., 2024; Dang et al.,
2024). Yet the long-tail gap remains substantial.
Chang et al. (2024) argue that multilingual scale
can mask weak language-specific modeling, es-
pecially on basic generation. Work on massively
multilingual NMT further shows that shared mul-
tilingual parameters and language tags do not by
themselves guarantee correct translation directions,
especially in zero-shot settings, motivating more in-
formative language representations (Jin and Xiong,
2022). We therefore treat large multilingual models
as powerful starting points, not sufficient solutions.

Script and tokenization as modeling decisions.
A central lesson from recent work is that script han-
dling is not merely front-end engineering. Roman-
ization can reduce token fertility and improve cross-
script transfer in some settings (Husain et al., 2024).
At the same time, newer evidence shows that such
gains are not universal: for morphosyllabic scripts
such as Chinese and Japanese, romanization can de-
grade performance and may not fully preserve use-

488



ful script-specific information (Ebing et al., 2026).
Byte-level and tokenization-free work such as CA-
NINE, ByT5, and BLT shows that character- or
byte-oriented modeling is increasingly plausible as
a control or alternative to fixed subword vocabular-
ies (Clark et al., 2022; Xue et al., 2022; Pagnoni
et al., 2025). For this dissertation, these findings
imply that transliteration, shared tokenization, con-
trolled vocabulary expansion, and character- or
byte-like modeling should all be treated as mean-
ingful experimental controls.

Low-resource adaptation and vocabulary ex-
pansion. Continued pretraining and parameter-
efficient fine-tuning remain standard tools for low-
resource adaptation, but their effects depend heav-
ily on data quality, tokenization and forgetting (Gu-
rurangan et al., 2020; Hu et al., 2022; Dettmers
et al., 2023). Recent work on efficient contin-
ual pretraining for low-resource languages sug-
gests that a compact but informative continued-
pretraining corpus can be effective, especially when
tokenizer support is poor (Nag et al., 2025). Other
recent work shows that vocabulary expansion can
help extremely low-resource languages when the
inherited vocabulary is biased toward a source lan-
guage, and that carefully initialized new embed-
dings need not degrade the source language (Zheng,
2026). This caution matters for Square Bai, where
the problem is not only missing units but also harm-
ful semantic reuse of shared forms.

Prompting, lexical support, and synthetic aug-
mentation. Work on Manchu in-context trans-
lation offers an important methodological les-
son: good dictionaries and parallel examples help
strongly, while grammar descriptions contribute
much less (Pei et al., 2025). Prompt baselines
therefore need to be treated seriously rather than as
weak straw-man comparisons. At the same time,
MT work on LLM-based in-context learning shows
that demonstration noise can substantially degrade
translation quality, and that demonstration selection
should consider fine-grained sentence- and word-
level information (Zhu et al., 2024a). A similar
lesson now appears in Zhuang: recent work shows
that grammar-rule retrieval is itself a major bot-
tleneck in extremely low-resource translation, and
that making grammar knowledge more explicit can
substantially improve performance (Zhang et al.,
2025). Synthetic augmentation is also increas-
ingly promising for low-resource MT, but it carries
risks of hidden teacher bias and evaluation inflation

(de Gibert et al., 2025; Devine et al., 2026). For
that reason, we treat it as an optional extension.

A conditional theory of shared-script transfer.
This dissertation treats shared-script transfer as con-
ditionally beneficial rather than uniformly helpful
or harmful. We assume three interacting mech-
anisms. First, orthographic anchoring: shared
forms encourage multilingual models to reuse lexi-
cal and contextual structure across languages. This
can help, and recent work shows that vocabulary
overlap often improves cross-lingual transfer when
shared units are semantically aligned (Limisiewicz
et al., 2023; Kallini et al., 2025). Second, evi-
dence imbalance: when target-language evidence
is sparse and dominant-language priors are strong,
the model may over-weight the dominant language
even when surface overlap is misleading. Third,
adaptation pressure: fine-tuning can either cor-
rect or amplify this imbalance depending on to-
kenization, vocabulary sharing and parameter al-
location. Interference patterns are also strongly
associated with script (Alastruey et al., 2025). Re-
lated work on East Asian historical documents rein-
forces this conditional view. HUE and Kanbun-LM
show that useful NLP resources and models can
be built for Hanja and Kanbun under severe re-
source constraints (Yoo et al., 2022; Wang et al.,
2023), but recent findings show that gains from
Classical Chinese are concentrated in extremely
low-resource scenarios and diminish rapidly as lo-
cal data increases (Song et al., 2025). The disser-
tation therefore asks when overlap acts as a useful
cross-lingual anchor and when it becomes a source
of semantic error, rather than whether overlap is
good or bad in the abstract.

What semantic interference is—and is not. In
this dissertation, semantic interference is the fail-
ure mode in which a model assigns dominant-
language semantics to graphically shared forms
despite target-language evidence. This definition
distinguishes the phenomenon from several neigh-
boring explanations. It is not merely data scarcity:
scarcity may amplify the problem, but the signa-
ture of semantic interference is concentrated fail-
ure on shared-form items rather than uniformly
weak Bai performance. It is not merely tokenizer
fragmentation: poor segmentation can reduce ef-
ficiency, but interference can persist even after
segmentation improves if shared units remain mis-
leadingly anchored. It is not merely domain shift:
out-of-domain degradation may affect many items,
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Resource Scale Role in dissertation

Dabenqu parallel corpus 28,382 sentence pairs Main supervised resource for Bai–Chinese adaptation, baseline
training, and in-domain evaluation.

Shanhuabei epigraphic set ∼80 items Strict out-of-domain stress test for generalization beyond the
main corpus.

PUA-based encoding map Versioned glyph mapping Reproducible handling of non-standard and variant Square Bai
glyphs; tracked as experimental metadata for preprocessing and
tokenizer comparisons.

Lexicons / expert
annotations

Small but high-value Identification of high-risk shared-form items, minimal
contrast-set construction, and manual error analysis.

Chinese retention suite Held-out probes Measurement of source-language retention during Bai
adaptation.

Table 1: Core resources already available or directly derivable for the dissertation. The dissertation is feasible
because the main dataset, an out-of-domain stress set and a reproducible encoding layer already exist.

whereas semantic interference predicts structured
errors on graphically shared forms. Nor is it equiv-
alent to catastrophic forgetting: retention loss in
Chinese is an important risk during adaptation, but
the central object of study here is incorrect Bai
interpretation under cross-lingual overlap. The
phenomenon is related to lexical “false friends”
in other language pairs, but differs in that the
misleading cue is not only lexical resemblance
but also shared glyph form, tokenizer behavior
and dominant-language priors. The dissertation
therefore treats semantic interference as a specific,
testable failure mode of transfer rather than as a
catch-all label for low-resource underperformance.

This theory yields three falsifiable expectations:
semantically aligned shared forms should help
more than disjoint controls; semantically divergent
shared forms should produce disproportionately
more errors than matched non-shared controls; and
adaptation methods that selectively reduce harmful
sharing or strengthen Bai-specific evidence should
improve Bai without requiring overlap to be re-
moved altogether. Taken together, these claims de-
fine three dissertation outputs: a diagnostic account
of semantic interference, an empirical map of adap-
tation strategies under shared-script conditions, and
a boundary estimate for when overlap functions as
useful transfer versus semantic interference.

3 Research Questions, Current Progress,
and Resources

The dissertation is feasible because its core re-
sources already exist. The project includes an
expert-validated Bai–Chinese parallel corpus of
28,382 sentence pairs (Dabenqu) and an approx-
imately 80-item epigraphic set (Shanhuabei) re-
served for strict out-of-domain evaluation. In the

Dali area, Dabenqu libretto manuscripts are not
just a convenient source of supervision but one of
the major living documentary forms of Square Bai,
and they have played a central role in the creation,
performance and transmission of Dabenqu (Wang,
2020). Together with document-level splitting and
leakage auditing, these resources keep the disser-
tation from depending entirely on in-distribution
test performance. Table 1 summarizes the core re-
sources already available or directly derivable for
the dissertation.

Current progress. The project has already
moved beyond problem formulation in three im-
portant ways. First, the data backbone is in place:
an expert-validated in-domain Bai–Chinese cor-
pus has been assembled and a separate epigraphic
set has been reserved for out-of-domain testing.
Second, the preprocessing layer is reproducible:
the project maintains a versioned PUA-based en-
coding map for non-standard glyphs, allowing
later tokenizer and vocabulary experiments to be
interpreted as modeling choices rather than arti-
facts of unstable text normalization. Third, initial
prompt-based translation baselines have already
exposed the shape of the problem. They improve
format compliance and local adequacy, but high-
risk shared-form disambiguation remains unstable.
This is a useful negative result because it narrows
the dissertation claim: the bottleneck is not generic
generation quality alone, but the interaction among
shared-form anchoring, sparse Bai evidence and
adaptation design.

The dissertation is organized around three re-
search questions.
RQ1. How can semantic interference in a script-
sharing low-resource language be identified and
measured reliably? H1. Interference will clus-
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Study Main comparisons Primary outputs

I: Diagnosis & benchmark Data auditing, leakage control, high-risk item
discovery, minimal contrast sets, and out-of-domain
set construction

BaiBench, interference diagnostics,
documented splits

II: Strong baselines &
controls

Prompting + lexical support, script controls,
tokenizer/vocabulary controls, continued pretraining,
and standard PEFT

Honest baseline frontier; identify
which simple controls already
reduce interference

III: Boundary estimation &
targeted adaptation

Shared-form strata, vocabulary sharing, adaptation
strength, and retention pressure

Bai/Chinese trade-off curves;
boundary estimates for useful vs.
harmful overlap

Optional extension Quality-gated synthetic data augmentation after fixed
splits and audit procedures

Test whether remaining gains are
data-limited rather than
method-limited

Table 2: Planned studies and the role of each in the dissertation. The sequencing is deliberate: diagnose first,
establish strong baselines second, and test targeted interventions only after simpler explanations have been ruled out.

ter around shared forms that are both frequent and
semantically divergent from Chinese. A reliable
diagnostic framework must therefore combine cor-
pus statistics, controlled contrast sets and targeted
manual validation, rather than relying on aggregate
translation scores alone.

RQ2. Which adaptation strategies best reduce
semantic interference under realistic data and
compute constraints? H2. Prompt-only methods
and standard PEFT will improve format compli-
ance and local adequacy, but will not fully solve se-
mantic interference. More selective strategies, espe-
cially controlled vocabulary sharing and retention-
aware parameter updates, will offer a better trade-
off between Bai gains and Chinese retention than
indiscriminate adaptation.

RQ3. Under what conditions does shared-script
transfer help adaptation, and under what condi-
tions does it become harmful? H3. Transfer will
help when shared forms are semantically aligned,
adequately supported by Bai evidence, and repre-
sented by stable tokenization. It will become harm-
ful when visible overlap masks divergent meanings,
Bai evidence is sparse, or adaptation amplifies Chi-
nese priors. The dissertation therefore aims to es-
timate the boundary conditions of useful versus
unsafe transfer rather than treating overlap as uni-
formly good or uniformly bad.

These questions are cumulative rather than par-
allel. Study I defines the object of explanation,
Study II establishes the strongest feasible controls,
and Study III answers the central explanatory ques-
tion by estimating when shared overlap is beneficial
and when it becomes unsafe.

4 Dissertation Plan

The dissertation proceeds through three core stud-
ies and one optional extension. The sequencing is
deliberate: first diagnose the problem, then estab-
lish strong baselines and controls, and only then
test targeted interventions. In low-resource NLP
it is easy to mistake a weak baseline for a novel
discovery; the experimental order is designed to
prevent that. Table 2 condenses the study sequence,
main comparisons and expected outputs.

4.1 Study I: Build an Interference-Aware
Resource and Diagnostic Layer

The first study turns the current data assets into
a rigorous experimental substrate. This includes
document-level de-duplication, source and di-
alect stratification, auditable datasheets, and a
shared-script language identification procedure
that uses alignment information and lexical con-
straints rather than simple character statistics.
These choices follow current best practice for
contamination-aware evaluation in low-resource
NLP (Lee et al., 2022; Sainz et al., 2023).

On top of this resource layer, we will construct
BaiBench, an evaluation suite centered on three
components: in-domain Bai–Chinese translation,
a strict out-of-domain epigraphic set, and a diag-
nostic subset targeting high-risk shared-form items
and minimal contrast sets. To test whether harmful
overlap is specific to semantically divergent shared
forms, the diagnostic subset will be organized
into matched strata: shared-form/same-meaning,
shared-form/different-meaning, non-shared/same-
meaning, and transliterated or no-overlap con-
trols. High-risk shared-form items will be iden-
tified by combining linguistic review with contex-
tual divergence signals from a frozen base model.
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The diagnostic strata will be constructed from a
small expert-reviewed seed set and then expanded
through corpus statistics and model-based contex-
tual divergence, so that expert effort is concentrated
on ambiguous or high-risk cases. The outputs of
Study I will therefore be more than a benchmark
alone: fixed splits, a diagnostic taxonomy, and an
initial descriptive analysis of where semantic inter-
ference concentrates.

4.2 Study II: Establish Strong Baselines and
Experimental Controls

Study II asks a narrower question than the current
draft suggests: how much of the problem can al-
ready be solved by disciplined baselines and rep-
resentation controls? Rather than comparing an
open-ended inventory of methods, we will eval-
uate four baseline families. First, prompt-only
and prompt-plus-lexicon baselines will test how
far strong lexical support can go without parame-
ter updates, following recent evidence that dictio-
naries and retrieved examples are especially valu-
able for low-resource in-context translation (Pei
et al., 2025). Second, script controls will com-
pare the original script with transliterated or dual-
script variants, to test whether gains come from
improved segmentation or from sacrificing script-
specific information (Husain et al., 2024; Ebing
et al., 2026). Third, tokenizer and vocabulary con-
trols will compare inherited tokenization against
modest Bai-specific vocabulary expansion (Zheng,
2026). Fourth, lightweight adaptation baselines
will include continued pretraining and standard
LoRA/QLoRA-style adaptation (Nag et al., 2025;
Hu et al., 2022; Dettmers et al., 2023). Character-
or byte-like modeling will be treated as a control
condition rather than as the main methodological
bet.

The output of Study II is not a leaderboard but
an honest baseline frontier: which simpler inter-
ventions already reduce interference, which merely
improve surface fluency, and which fail on the diag-
nostic strata from Study I. If a comparatively sim-
ple control solves a substantial part of the problem,
the dissertation should report that directly rather
than forcing a more elaborate method.

4.3 Study III: Controlled Sharing,
Retention-Aware Adaptation, and
Boundary Estimation

The final study is the conceptual center of the dis-
sertation. Its purpose is not only to improve Bai per-

formance, but to estimate when shared-script trans-
fer changes from beneficial anchoring to semantic
interference. Using the diagnostics from Study I
and the baseline frontier from Study II, we will
run a controlled comparison over four factors: (i)
semantic alignment stratum, especially the contrast
between aligned and divergent shared forms; (ii)
representation regime, including inherited versus
expanded vocabulary and the presence or absence
of script controls; (iii) adaptation strength, ranging
from prompting and lightweight continued pretrain-
ing to PEFT-based adaptation; and (iv) retention
pressure, implemented through Chinese stress sets
and, where useful, regularization against the base
model. Within feasible limits, we will also vary the
amount and composition of Bai evidence through
controlled subsampling and item-level evidence-
density analyses, so that the boundary between
useful and unsafe transfer can be related to data
quantity and content as well as to model design.
This design is motivated by recent language-aware
adaptation work showing that separating language-
general and language-specific parameters or neu-
rons can mitigate parameter interference and catas-
trophic forgetting in multilingual MT (Zhu et al.,
2024b; Dong et al., 2025).

The main experimental backbone will be Qwen3-
0.6B, which is strong enough to matter and small
enough for careful ablation under realistic doc-
toral compute constraints (Yang et al., 2025).
Larger models may appear only as prompt-only or
inference-time comparison points. The goal is not
simply to identify one best checkpoint, but to esti-
mate the boundary conditions under which shared-
script transfer remains beneficial rather than harm-
ful. Beneficial transfer is expected when shared
forms are semantically aligned, tokenization is sta-
ble, and Bai evidence is sufficient; unsafe trans-
fer is expected when surface overlap masks diver-
gent meanings and adaptation over-amplifies Chi-
nese priors. The principal outputs of Study III are
therefore (a) Bai-versus-Chinese trade-off curves,
(b) boundary estimates for useful versus harmful
sharing, and (c) concrete adaptation guidelines for
script-sharing low-resource languages under realis-
tic compute limits.

4.4 Optional Extension: Quality-Gated Data
Expansion

If the main studies show that data scarcity remains
the dominant bottleneck after interference is con-
trolled, we will add a synthetic-augmentation ex-
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tension using back-translation, teacher-generated
parallel examples or lexicon-guided data expansion.
This phase will begin only after fixed benchmark
splits, leakage controls and manual spot-check pro-
cedures are in place, and all synthetic data will
be versioned and evaluated through explicit abla-
tions. The aim is to benefit from recent progress
in low-resource data generation without making
the dissertation depend on opaque teacher behavior
(de Gibert et al., 2025; Devine et al., 2026).

5 Evaluation Plan

Evaluation will be organized around reliability, in-
terpretability and feasibility, rather than around
one aggregate score. The evaluation protocol is
designed not only to rank systems, but to estimate
the boundary conditions under which script overlap
functions as useful transfer versus semantic inter-
ference.

Tasks. The primary task will be translation,
but the two directions will serve different roles.
Bai→Chinese will be the main diagnostic direction
because it most directly reveals whether shared
forms are interpreted correctly. Chinese→Bai will
serve as a secondary generation test, where lexical
choice and output sparsity are more demanding.
BaiBench will additionally include a strict out-of-
domain epigraphic set and a diagnostic suite of
minimal contrast sets and high-risk shared-form
items. If enough high-quality supervision is avail-
able, we will add one small secondary task, but the
dissertation does not depend on a broad multi-task
setup.

Metrics. Standard translation metrics such as
chrF++, BLEU, and COMET will be reported
for comparability (Papineni et al., 2002; Popović,
2017; Rei et al., 2020; Post, 2018). They will not
be treated as sufficient. We will also report diagnos-
tic measures tied to the actual dissertation claim:
sense error rate on high-risk items, Chinese leak-
age rate, code-switch rate, contrast-set accuracy,
and performance stratified by source, genre and
dialect. Efficiency metrics such as token fertility,
sequence length, vocabulary growth and training or
inference cost will be included whenever tokenizer
or vocabulary choices are varied.

Retention and statistical reporting. Because
the proposal studies adaptation from Chinese-
strong backbones, Chinese retention must be a

first-class target rather than an afterthought. Re-
lated work on multilingual MT robustness shows
that robustness can transfer across translation direc-
tions but depends on perturbation type, motivating
direction-specific stress tests rather than a single ag-
gregate retention score (Pan et al., 2023). We will
therefore maintain a small Chinese retention suite
consisting of held-out language modeling or gen-
eration probes, at least one Chinese downstream
task where feasible, and a shared-glyph stress set.
Core comparisons will be run with multiple ran-
dom seeds, and we will report bootstrap confidence
intervals for the main translation and diagnostic
metrics. Where the comparison structure is fixed in
advance, we will pre-specify primary comparisons
to reduce selective reporting. Operationally, an
adaptation will count as successful only if it yields
a Pareto improvement over strong baselines: better
Bai translation and diagnostic performance with-
out a statistically meaningful loss on the Chinese
retention suite.

Competing explanations and falsification. A
central aim of the dissertation is to distinguish se-
mantic interference from neighboring explanations.
Evidence for the dissertation would include three
patterns: higher error rates on semantically diver-
gent shared forms than on matched non-shared con-
trols; improvement from interventions that selec-
tively reduce harmful sharing without uniformly
removing overlap; and stable Chinese retention un-
der methods that improve Bai. By contrast, the
dissertation would be weakened if gains came only
from generic data or compute increases, if tokeniza-
tion fixes eliminated the problem entirely without
any role for semantic alignment, or if all shared-
form strata behaved similarly. This logic matters
because the dissertation does not claim that all over-
lap is harmful; it claims that overlap is condition-
ally useful and becomes unsafe under identifiable
conditions.

Feasibility constraints. The main experimental
matrix is built around trainable sub-1B or low-
B models with parameter-efficient updates, not
around full pretraining from scratch. Larger models
may appear as prompt-only or inference-time com-
parison points, but the dissertation stands or falls
on experiments that are computationally realistic
for an individual PhD project.
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6 Expected Contributions, Ethics, and
Feasibility

Expected contributions. The dissertation is ex-
pected to make four integrated contributions. First,
it offers a theoretical account of semantic interfer-
ence as a specific failure mode of script-sharing
transfer. Second, it provides an audited Square Bai
resource and evaluation suite, including fixed splits,
diagnostic strata and an out-of-domain stress test.
Third, it establishes an honest empirical frontier
for script-sharing low-resource adaptation by com-
paring strong but feasible baselines under shared
evaluation conditions. Fourth, it estimates bound-
ary conditions for useful versus harmful overlap
and translates them into concrete adaptation guide-
lines for Bai and related script-sharing settings.

Ethical considerations. This work concerns a
minority language and cultural-heritage materials,
so that technical ambition must be matched by
responsible handling. Data provenance, permis-
sions and redistribution boundaries will be docu-
mented from the start. When raw materials can-
not be shared, the project will release derived ar-
tifacts such as tokenizer builds, benchmark meta-
data, evaluation scripts, and aggregate statistics in-
stead of forcing full-text release. The resulting sys-
tems will not be positioned as authoritative trans-
lators for educational, legal, medical or heritage-
critical settings. Manual review by qualified lan-
guage experts will remain essential, especially for
dialect-sensitive or historically specialized materi-
als. More broadly, the project is designed to sup-
port rather than extract from the language com-
munity; reusable infrastructure and careful docu-
mentation matter at least as much as a leaderboard
model.

Feasibility and timeline. As of March 2026,
the project already has the minimum ingredients
needed for a serious dissertation program: the main
parallel corpus, a reserved out-of-domain set, a
PUA-based encoding layer, and preliminary base-
line analysis. The remaining work is substantial
but well-bounded. In 2026 Q2–Q3, we will finalize
data auditing, reproducible splits, the first version
of BaiBench, and the first round of Study II base-
lines. In 2026 Q4 through 2027 Q1, we will run the
main controlled-sharing and retention-aware exper-
iments in Study III on the primary 0.6B backbone,
together with ablations on tokenizer and vocab-
ulary choices. In 2027 Q2–Q3, we will run the

optional synthetic-data extension only if the earlier
studies justify it, then consolidate the results into a
dissertation-level narrative.

7 Conclusion

This dissertation argues that the main obstacle to
Bai-capable language modeling is not low-resource
status alone, but unsafe transfer in a script-sharing
regime where visible overlap with Chinese can
mislead interpretation. The long-term goal is Bai-
capable understanding and generation. The disser-
tation addresses the prerequisite problem: how to
diagnose, control and exploit shared-script trans-
fer without allowing dominant-language semantics
to override Bai evidence. By combining theory,
audited resources, strong baselines and retention-
aware adaptation, the dissertation aims to con-
tribute both a practical route toward better Square
Bai models and a broader account of when shared-
script transfer is beneficial and when it becomes
unsafe.

Limitations

This proposal is centered on one language and one
script-sharing regime, so that its claims will be
strongest as a case study and only cautiously gener-
alized to other settings. Even if the framing travels,
the quantitative effects may not. The currently
available Bai–Chinese data is substantial for a low-
resource language but still limited. Strong gains
on the benchmark will not justify claims about
open-domain Bai competence, and the reserved
epigraphic set is valuable for stress testing but too
small to stand alone as a full generalization bench-
mark. Causal interpretation also requires caution:
if a contextual divergence signal correlates with
downstream errors, that does not by itself prove
a unique mechanism. The dissertation therefore
treats representation analysis as one part of an ev-
idence chain rather than as final causal proof. Fi-
nally, some of the newest low-resource methods, es-
pecially synthetic data generation and script trans-
formation, may help only in specific regimes. They
are therefore treated as controlled comparisons or
optional extensions rather than assumptions built
into the dissertation claim.
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